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Philadelphia, Pa, April 20th, 1918. 

Mr. Daniel H. Cox, Manager, 

Division of Steel Ship Construction, 

Emergency Fleet Corporation, 
Washington, D. C. 
My dear Mr. Cox: 

At the termination of my period of service with the 
United States Shipping Board, Emergency Fleet Corporation, 
I submit my report herewith. , 

This communication is really a series of reports with an 
indexed preface. I decided to adopt this scheme of arrange- 
ment in view of your probably desiring to circulate certain of 
the contents, whereas for obvious reasons, other matters dealt 
with in the report would be of little interest outside the scope 
of your officials engaged in electric welding undertakings. 

In this connection it is the expressed wish of Mr. E. B. 
Katte that Report No. 8, Sections "A" to "E", inclusive, be 
considered confidential and especially withheld from parties 
interested in the supply or manufacture of electric welding 
apparatus. Also, I should prefer circulation of Report No. 11 
to be restricted to officials of the Shipping Board and naval 
officers. 

I wish to take advantage of this opportunity to put on 
record my appreciation of the whole-hearted assistance and 
co-operation which has been granted me, not only by the 
officials of your Corporation, but also by shipbuilders and 
others with whom I have come in contact during the execution 
of my duties. 

It would be invidious to refer individually to all who 
have given me the benefit of their knowledge and experience. 
At the same tinie I am particularly pleased to have had the 
freely offered assistance of Mr. Henry M. Hobart, who not 
only collected numerous valuable contributions contained in 
Report No. 17 but collaborated with me in the grouping 
together of other data. Indeed in the limited time at my 
disposal it would have been well nigh impossible to place 
before you this comprehensive report of up-to-date electric 
welding practices without Mr. Hobart's help. 

For providing means to enable me to produce the report 
I have also to acknowledge the facilities provided by Mr. E. E. 
MacNary, head of the Industrial Training Department, who 
delegated one of his assistants, Mr. F. W. Tupper, to collect 
and classify particulars which I forwarded to Philadelphia 
from time to time. 

Sincerely yours, 

JAMES CALDWELL, 

Captain. 
Dep. Asst. Director of Materials and Priority, 

Admiralty, London. 



PREFACE TO REPORTS BY CAPTAIN JAMES 
CALDWELL, M.I.E.E., ADMIRALTY, ENGLAND. 



Prior to returning to England, I submit this series of 
reports in which I have incorporated the results of welding 
investigations during my three months' stay in America. 

During that time I have been loaned by the British Ad- 
miralty to the Emergency Fleet Corporation at the request 
of the United States Shipping Board. 

The titles of these Reports are as follows: 

Report Number One: Conclusions with Reference to the Use 
of Electric Welding for Ship Work. (Pages 11-21.) 

Appendix A: Description of Electrically Welded Cross 
Channel Barge. (Pages 15-16.) 

Appendix B: Detailed Discussion of the Application of 
Electric Welding to Ship Construction. 

(Pages 17-21.) 

General Headings: 

Electric Welding Systems 

(1) Resistance Welding 

(a) Butt methods 

(b) Spot methods 

(c) Line methods 

(2) Arc Welding 

(a) With bare metal electrodes 

(b) With flux covered electrodes 

(c) With carbon electrodes 

Relative suitability of each system of welding to 
Ship Work. 

Electricity Supply 

(1) Direct Current 

(2) Alternating Current 

Relative Conditions 
Tensile strength 
Toughness 
Quality of metal 
Cost of power and equipment 

Welding versus Riveting 

Report Number Two: Brief Chronological Record of My 
Visits. This constitutes a key to the subsequent re- 



PREFACE 

ports, reference to each of which is introduced at its 
appropriate place. (Pages 23-33.) 

Appendix A : Four District Meetings to Discuss Welding. 

(Pages 30-33.) 

Report Number Three: Notes Relating to Each of the Ship- 
yards Visited. (Pages 35-62.) 

General Headings: 



(1 
(2 

(3 
(4 
(5 
(6 
(7 
(8 
(9 



Date of Visit 

Officials Interviewed 

General Remarks 

Method of Construction 

Workers 

Capacity 

Output 

Electric Welding 

Conclusions, etc. 



Report Number Four: The Electric Welding Committee of 
the Emergency Fleet Corporation. (Pages 63-92.) 
A — List of members 

Minutes of first meeting 
B — Minutes of second meeting 
C — Minutes of third meeting 

D — Recommendations by Naval Constructor Knox 
E — Proposed Electric Welded Construction of 5,000 

ton standard ship by Messrs. Ewertz and Knox. 
F — Captain Caldwell's report to Welding Committee 

(1) Propaganda in Britain 

(2) Training of Welding Operators 

(3) Preparation of work for Welding 
G — Circular letter sent to shipyards 

H — Circular letter sent to manufacturers of electric 
welding apparatus 

Report Number Five: Description of the Ewertz type of 
Electric Welded Ship. (Pages 93-102.) 

Report Number Six : Coleman Castweld Process of Seam- 
less Steel Construction. (Pages 103-106.) 

Report Number Seven: Applications of Electric Arc Welding 
to Ship Construction, developed by Mr. Bonner. 

(Pages 107-122.) 

Report Niunber Eight: Mr. E. B. Katte's Investigations Re- 
lating to Arc Welding. (Pages 123-125.) 
(a) Confidential Report 
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(b) Description and Record of Tests 

(c) Specification of Welding Apparatus 

(d) Specified Method of Making Tests 

(e) Appendix 

(f) Tests of Quasi Arc and other electrodes with 
alternating current. 

Report Number Nine: New York Shipbuilding Company's 

Investigations Relating to Spot Welding. 

(Pages 127-135.) 

(a) Description and remarks 

(b) Photographs and tabulated test results. 

Report Number Ten: The Holslag System of Arc Welding. 

(Pages 137-139.) 

Report Number Eleven: British Admiralty Investigations in 
Electric Welding. (Pages 141-172.) 

(a) Summary of opinions expressed by Admiralty 
Naval Constructors. 

(b) Conclusions and recommendations. 

(c) Analysis of results 

(d) Application to new construction. 

Report Number Twelve : Mr. James A. Osborne's Spot-welded 
Car. (Pages 173-181.) 

Report Number Thirteen : Lists of Ship Parts for Which Vari- 
ous Authorities Require and Allow Electric Welding. 

(Pages 183-195.) 

Report Number Fourteen: Mr. E. J. Rigby's Description of 
Welding with Flux-covered Electrodes and of the 
Quasi-Arc System. (Pages 197-203.) 

Report Number Fifteen: Mr. H. G. Knox's Plan for Nomen- 
clature for Various Kinds of Welds. 

(Pages 205-224.) 

Report Number Sixteen: The Westinghouse Company's Ac- 
tivities in Electric Welding. (Pages 225-257.) 

(a) Investigation of electric welding methods and 
control. 

(b) Electric welding equipment. 

(c) (1) Preparation of work for welding 

(2) Arc and electrode data 

(3) Added metal necessary 

(d) Strength and structure of electric arc welds. 

(e) (1) Micro photographs of welds. 
(2) Sundry tables and charts. 
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Report Number Seventeen: The General Electric Company's 
Activities in Electric Welding. (Pages 259-361.) 

General Headings. 

A — Report by Mr. R. E. Wagner, Assistant Manufac- 
turing Superintendent of the Pittsfield Works. 
This report comprises a good deal of information 
which has been accumulated at Pittsfield on elec- 
tric arc welding. (Pages 261-296.) 

B — Report of Mr. E. F. Collins and Mr. P. A. Meyer, 
both of the Industrial Heating Department of 
Schenectady Works. (This report comprises de- 
scriptions of a number of investigations and ma- 
chines developed by the Industrial Heating De- 
partment. (Pages 297-309.) 

C — Report by Messrs J. A. Capp and G. H. Wright 
of the Testing Laboratory of the Schenectady 
Works. This report comprises some interesting 
micrographic studies carried out by Mr. Wright 

on butt-welds. (Pages 310-319.) 
D — Report on the subject of spot-welding by Mr. 
W. L. Merrill of the Power and Mining Depart- 
ment. Mr. Merrill has had charge of a great deal 
of very important work which has recently 
been done in the development of spot-welding 
machinery for heavy plates and for carrying out 
tests on welds made with such machines. 

(Pages 320-329.) 

E — Report of Mr. F. W. Caldwell on a method of 
welding together copper and iron by means of 
the carbon arc. (Pages 330-331.) 

F — Report describing an elaborate series of tests 
made in 1915 to compare the state of the arc 
welding art at that time. In these tests there 
were used carbon arc electrodes, bare-metal elec- 
trodes, flux-covered electrodes made by the Gen- 
eral Electric Company, flux-covered electrodes 
made by the Quasi Arc Company of America, 
and also the oxy-acetylene process. Cost and 
quality comparisons of welds made by all of 
these methods are set forth in this report. 

(Pages 332-359.) 

G — Report by Mr. W. J. Delles on apparatus used at 
the Schenectady Works for instructing workmen 
in the art of welding. (Pages 360-361.) 

Report Number Eighteen: Protective Devices for Electric 
Welding Operators. (Pages 363-365.) 
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Report Number Nineteen: Comparative Data — Cost and 
Current Requirements with Bare and Flux-covered 
Metal Electrodes. (Page 367.) 

Report Number Twenty: New York Navy Yard Investiga- 
tions of Electric Welding. (Pages 369-392.) 

(A) Tests by Bureau of Steam Engineering 

(B) Tests of Quasi-Arc System 

(1) Tests by Machinery Division. 

(2) Tests by Hull Division. 

(3) Description of Outfit. 

Report Number Twenty-One: Tests of Electric Arc Welding 
Carried Out in the Spring of 1918 at the Schenectady 
Works of the General Electric Co. (Pages 393-395.) 

Report Nimiber Twenty-two: Bibliography — ^This bibliog- 
raphy was prepared for me by Mr. John Liston, who, 
in this connection, obtained the co-operation of the 
various libraries of the General Electric Company. 

[The 1918 section of this bibliography has been contrib- 
uted by Prof. Bradley Stoughton.] 

(Pages 397-418.) 
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CONCLUSIONS WITH REFERENCE TO THE USE OF 
ELECTRIC WELDING FOR SHIP WORK 



As a preface to my conclusions it is of interest to quote 
the following extract from a letter I have just received from 
a senior assistant at the Admiralty. Under date of 25th March, 
he states: 

"The electric welded barge at Richborough is pro- 
gressing very successfully so far as welding is con- 
cerned. The entire work is expected to be complete 
within about 3 to 4 weeks, when tests will be made." 
It may therefore be concluded that this barge is now 
complete and probably in service for cross channel work. Par- 
ticulars of the vessel, in which no rivets have been used, are 
included in Appendix A of this report. 

The flux-covered type of electrode has been employed 
throughout, the choice being made because of the very ex- 
tensive use of this type of arc welding in England. In 
America the flux-covered type of electrode is rarely used and 
almost all American experience of arc welding relates to one 
or other of various systems employing Bare Metal electrodes. 
During my stay in America, I have made every effort to weigh 
the case as between the bare and flux-covered electrodes, but 
quite a number of factors enter into the problem, and I am not 
yet in a position to form any final conclusions as to the rela- 
tive fields for these two systems. My general opinion, how- 
ever, is that, as regards tensile strength, the two systems are 
much on a parity, but when it comes to bending and vibratory 
stresses, I should feel more confidence in welds made with 
flux-covered electrodes of approved quality and manufacture. 

I am, however, now thoroughly satisfied that in the hands 
of skilled operators, good results can be obtained with either 
class of electrode provided direct current electricity is avail- 
able. On the other hand, when it is desired to work from 
alternating current systems without the use of converting ap- 
paratus, it is necessary to employ flux-covered electrodes in 
order to obtain the best results. Although in the course of 
my very exhaustive investigations here in America I have seen 
a great deal of excellent work done with the bare metal elec- 
trode, I should personally prefer to employ the flux-covered 
electrode in any work in which I considered it important that 
the very best possible results should be secured. 
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In Britain all plans for the application of electric welding 
in ship construction involve the use of the arc system. This 
is largely due to the difficulty in obtaining materials required 
for spot welding machines and the delay in delivery of these, 
which precludes spot welding from being employed to carry 
out such operations in this time of emergency and urgent 
necessity. In America, on the contrary, a good deal of interest 
is shown in the possibility of applying spot welding to a good 
many parts of ships and several welding specialists even go 
so far as to express? great confidence in the use of spot weld- 
ing in combination with arc welding to join hull plates. Brit- 
ish shipbuilders will be much interested to know that spot 
welding has been worked out to a point in America where it 
can be employed with the certainty of obtaining good results 
in various kinds of ship work, such as in the fabricating of 
frames, bulkheads, skylights, tanks and ventilating ducts. 
Spot welding, when applied to watertight junctures, should be 
supplemented by arc welding. 

However, my personal opinion based on a most thorough 
investigation is that by far the greatest amount of shipwork 
will be done by arc welding. While my perusal of available 
tests of arc welding with bare metal rod electrodes, satisfies 
me that joints made in this manner will withstand tensile and 
compressive stresses fully equal to similar riveted work, I have 
not yet been able to satisfy myself as to the conclusiveness of 
available tests in which samples made with bare metal elec- 
trodes were bended through any considerable angle, whilst I 
have no information of vibratory tests having been carried out. 
But I know from my experience in England with work carried 
out by flux-covered electrodes that tough welds capable of sat- 
isfactorily withstanding severe bending stresses can be uni- 
formly produced by capable operators, and this contention is 
supported by the results of tests carried out by the British 
Admiralty at Portsmouth (Vide Report No. 11). 

It must be borne in mind that at present, arc welding 
specialists are not all in agreement as to the preferred com- 
position of the electrodes for given purposes, consequently all 
sorts of grades of wire are in use and a great deal of the 
difficulty in drawing conclusions from test results arises from 
the considerable differences in the conditions under which 
the welds have been made. When approved electrodes are 
employed by skilled operators having the use of suitable cir- 
cuit conditions as to steady voltage and appropriate voltage, 
and, of still greater importance, constant current of the cor- 
lect amount for the size of the electrode and the character of 
the work, there is practically no liability of defective work. 
But I have encountered in America many instances of failure 
to give sufficient recognition to the importance of attention 
to all these factors, and I have seen that unsatisfactory results 
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have been the consequence. Moreover, in the application of 
electric welding to ship construction, it is of Utmost importance 
that the work should be controlled not only in its broad out- 
lines, but also in all its details by naval architects, marine 
engineers and shipworkers since it is only such men who are 
thoroughly acquainted with the many factors essential to suc- 
cess in these applications of electric welding. The best in- 
tentioned efforts of electric welding specialists without this 
ship experience, would, in my judgment, lead to failure and 
might discredit the entire proposition. On the other hand, in 
order to extensively employ electric welding in ship work it 
will be necessary to cut loose completely from many of the 
traditions and conventional practices whose raison d'etre 
arises from the detailed nature of the methods (such as rivet- 
ing and forging) to which welding affords an alternative. It 
is difficult to accomplish this in existing shipyards and much 
more satisfactory progress can certainly be obtained in a ship- 
yard specially designed and equipped for employing welding 
methods wherever these have been demonstrated to be the 
most appropriate. 

Assuming that the necessary precautions are taken to 
minimize the difficulties that might be expected in the initial 
development of the electric welded ship, I am in entire agree- 
mnt with the electric welding committee on the following 
points : 

(1) That electrically welded ships can be built at least 
as strong as riveted ships ; 

(2) That ships designed to be riveted throughout can 
easily be so modified as to adapt them to extensive electric 
welding without departing appreciably from the use of mate- 
rials originally required, with a considerable saving in cost 
and in the time required for hull construction ; and 

(3) That ships especially designed for electric welding 
can be built at a saving of 25 per cent in both labor and mate- 
rials over present methods, and in less time. Moreover, a class 
of labor not now used for shipbuilding may be largely em- 
ployed. 

I heartily concur in the recommendations made by the 
Electric Welding Committee as follows: 

(a) The modification of the design of a standard ship for 
the introduction of welding methods as far as may be con- 
sistent with the saving of time and without seriously affecting 
the materials now on order. 

(b) The preparation of the design of a completely welded 
ship to the end that this method of construction may be util- 
ized >yith the greatest gain in the saving of time, labor and 
material. The size of this ship to be such as is most useful 
at this time. 
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(c) The preparation of the plans and layout of a shipyard 
for the construction of ten of these ships. 

An interesting demonstration of electric welding is con- 
templated by Mr. A. J. Mason, who, I understand, has ar- 
ranged to completely weld the midship section of a 9S00-ton 
standard ship at the Federal Shipbuilding Yard, at Newark. 
(Vide Report No. 4.) It is intended to redesign the structure 
and fittings suitably for electric welding, which, to my mind 
is of primary importance in order to obtain the best results 
from electrically welded work as regards strength, cost and 
saving of material and labor. Apart from certain initial me- 
chanical difficulties, there is no reason why this section should 
not be satisrfactorily complete to easily withstand hydrostatic 
pressure. 

Considering the time involved in the carrying out of this 
demonstration, it is unfortunate that arrangements could not 
be made for the fore and aft sections to be completed by stand- 
ard methods to permit of the vessel being tried out in service. 

For embarking at once on a vigorous welding program, it 
is necessary to train large numbers of, welding operators. I 
am advised that this situation is being given adequate atten- 
tion and that plans have been made by Mr. E. E. MacNary 
for the training of large numbers of operators to meet future 
demands as found necessary. The Industrial Training De- 
partment, under the direction of Mr. MacNary, is establishing 
centers for training electric welding operators and demon- 
strating instructors. Shipyards throughout the country have 
been invited to send men to these centers, who, on completion 
of their period of tuition, will receive a bonus of $5.00 a day 
for each day's attendance at the centers. 

As to material, arc welding requires a minimum of ma- 
chinery and such as is necessary is available. Electrodes of 
various kinds can be provided in ample quantity. 

Consequently, all that is necessary in order to embark 
upon the above indicated program is to authorize the work 
being carried out by qualified and responsible parties and to 
place suitable requisitions for materials and operators. 
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APPENDIX A 
Description of Electric Welded Cross Channel Barge. 



Particulars of this vessel which will be used in transport- 
ing material to France are as follows: 

Type — Cross channel towing barge. 

Deadweight, 200 tons. 

Length between perpendiculars, 125' 9". 

Breadth, moulded, 16' 4". 

Depth, moulded, 7' 9", with sufficient deck curved stern 
with transom stern and two hatchways each 42' x IC 

Three bulkheads are fitted. The fore and aft bulkheads, 
being watertight, and one divisional bulkhead, watertight, in 
the middle of the hold. 

The scantlings are as follows : 

Frames, 2j4" x 2>^" x J4" steel angle. 

Floors formed of 7" x 3>^" x 7-20" angles. 

Shell and deck plating, 6-5 " 

20 

The vessel has a flat hull and four strakes of plating to 
each side. The flat edges of the shell plating are joggled. 

The construction is generally similar to that of a vessel 
intended to be riveted up, the various pieces being held to- 
gether in the first place by service bolts widely spaced, but 
sufficient to hold the surfaces together, in the case of the shell 
and deck plating the spacing being 10>4". 

When the plates have been connected by the welding, the 
service bolts are removed and replaced by plugs and welded 
up flush with' the plating, forming an additional connection 
between the two plates, plate and framo or whatever the case 
may be. 

The frames are connected to the shell by the service bolts 
before mentioned, then tacked to the shell plating alternatively 
by the heel and toe. The service bolts are then removed and 
the holes plugged and welded up. 

Other parts such as keelsons, hatch, coamings, brackets, 
lugs, etc., are similarly connected. 
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APPENDIX B 

TITLE: Detailed Discussion of the Application of Electric 

Welding to Ship Construction. 



The extent to which electric welding is applied to ship 
construction in Britain is fully described in the report prepared 
by Mr. H. M. Hobart, under date of December 10, 1917, and 
such additional applications as were developed prior to my 
sailing for America early in February, are included in Report 
(No. 11). Also a resume of current British welding practice is 
to be found in a paper entitled "Notes on Welding Systems," 
which I read before the Institute of Engineers and Shipbuilders 
of Scotland on the 22d of January, 1918. 
Electric Welding Systems 

The systems of electric welding which are now being em- 
ployed to a limited extent with every prospect of considerable 
further application in the fabrication of ships both in America 
and Britain are: 

1 — Resistance Welding, comprising (a) Butt, (b) 
Spot, (c) Line methods. 

2 — ^Arc Welding, employing either bare or flux-cov- 
ered metal electrodes. 

These several methods of welding are briefly referred to 
hereunder : 

1— (a) BUTT WELDING (Vide Section C of Report 
Seventeen). 

This method is applicable to the welding of rods, bars, 
etc., transverse to the length of the pieces. The pieces to be 
united are brought together end on, held in proper clamps 
connected to, or forming part of the transformer low pressure 
winding, the current is switched on, and end pressure is ap- 
plied by ratchet or hydraulic gear as soon as the ends are 
sufficiently heated. The pressure and current are maintained 
until a distinct burr is formed round the weld, showing that 
an appreciable amount of plastic flow has taken place, and 
that there is little likelihood of any oxide, which may have 
been formed, remaining in a continuous formation to weaken 
the weld. This weld is in most cases hammered whilst cooling. 

Butt welding is suitable for the joining of bars which con- 
stitute the longitudinal membe ©f a concrete ship, but the 
service applications in a shipyard are limited. 
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(b) SPOT WELDING : (Vide Report 9 and Section D 
of Report 17) has been largely used to unite sheets or thin 
plate where a continuous weld or joint is not required. The 
two sheets are placed between electrode clamps which press 
them together, current is then switched on and the surfaces in 
contact are brought up to a welding heat. The pressure is 
maintained after current is off until sufficient cooling occurs. 
The sheets are then moved on to the next spot to be welded, 
and the operation is repeated. Work so welded is therefore 
united by a line of small welds or spots, and may be compared 
to flush riveted work. 

Further developments of this method, which comprise the 
**riveting" of much thicker plates as required for the hull of a 
ship, have, I understand, been successful in this country. (See 
Section D of Report Seventeen.) 

It would appear that spot welding is eminently suited to 
replace riveting and caulking to a very large extent in the 
future. 

(c) LINE WELDING: (Vide Section A of Report Sev- 
enteen). 

ARC WELDING 
It is of interest to note, that whereas arc welding with 
bare metal electrodes has been almost exclusively used in 
America, until quite recently, the flux-covered metal electrode 
has had most extensive use in Britain. 

(a) With the bare metal electrode system of arc welding 
an arc is struck between a rod of metal and the work. The 
heat then generated at this point melts a small pool on the 
parts to be welded, and additional metal is deposited from the 
electrode in a molten state, thereby forming a firm union be- 
tween the new and old metal, if certain precautions are adopted 
to ensure even application and the prevention of porous metal 
due to excess of current. 

To prevent oxidation the metal rod is sometimes coated 
with a flux which decomposes with heat and surrounds the 
molten metal with an inert gas. 

(b) The flux-covered electrode system of arc welding 
most commonly used provides for the metal electrodes being 
encased in a flux composition which becomes molten at the arc 
so that the added metal is at no time exposed to oxidation. 
When properly applied, this flux forms a silicate slag of suit- 
able viscosity which floats on the metal surface until removed 
when cold by tapping with a small hammer and using a wire 
handbrush. Arc welding, whether carried out with bare or 
flux-covered electrodes, has a wide application to ship con- 
struction and repair. 

(c) The art of arc welding with a carbon electrode preceded 
by several years the 'commercial initroduction of the metal 
electrode. It consists in supplying the heat with the arc estab- 
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lished between a carbon electrode and the work, and thereby 
welding together the material on the t\yo sides of the joint 
or else introducing additional material by means of a pencil, 
the tip of which is projected into the arc and thereby melted. 
The use of the metal electrode has by no means superseded 
the carbon arc method, the latter having a wide field of its 
own. In Report A of Section 17 will be found a number of 
photographs of automatic machines for welding by the car- 
bon electrode system and of commercial welds made by this 
system. 



RELATIVE SUITABILITY OF EACH SYSTEM OF 
ELECTRIC WELDING TO SHIP WORK 

For the carrying out of spot welding alternating current is 
necessary. The supply voltage is immaterial as a transformer 
forms part of each machine. With spot welding it was under- 
stood that metal adjoining the weld became very brittle when 
subjected to vibratory stresses, the line of jointure between 
plates containing a layer of oxide which considerably weak- 
ened the weld, and difficulty was experienced in obtaining 
sufficient adhesion. I am informed that with recently devel- 
oped machines provided with gear to give sufficient pressure 
to close the plates and by the use of increased current, the lat- 
ter difficulties have been overcome, whereas it is stated that 
crystallization does not occur to any appreciable extent with 
thick plate work. It may therefore be assumed that spot 
welding is in a fair way to replace largely, if not altogether, 
the riveting and caulking methods of joining ship fittings and 
plates. 

A spot welding machine suitable for thick plates is a 
heavy tool weighing several tons, and it would therefore ap- 
pear that it will be most efficiently employed as a stationary 
plant. It is therefore recommended that in the first instance 
spot welding be used for the fabrication of internal ship parts. 
Spot welding work may be made more or less watertight by 
reducing the spacing of the spots even to the extent of making 
adjacent welds overlap. An objection of this method being 
applied to the welding of long lengths of plating such as are 
met with in the hull of a ship, is that distortion will result due 
to the heat generated for quite a considerable distance from 
the weld unless allowance is made to counteract the expan- 
sion and contraction. When spot welding bulkhead plates 
and framing it is advisable for this reason to weld alternate 
spots in one operation, then traversing the work again to 
complete. Additional electrical energy will be necessary by 
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the adoption of this means, but to my mind the assembled 
parts will be more accurate. The combined used of spot and 
arc welding is referred to hereafter. 

ARC WELDING: No sweeping decision can be made as 
to the relative merits of arc welding by means of bare and 
flux-covered metal rod electrodes. There are certain condi- 
tions that seem to preclude universal adoption of any one of 
these methods, and hereunder I propose to refer briefly to 
circumstances that affect the choice : 

ELECTRICITY SUPPLY : 

Direct Current: Both bare and flux-covered metal 
electrodes are effective with direct current supply, 
provided the voltage and current at the arc is 
kept within the desired range. To obtain a re- 
duction in the line voltage a motor generator or 
rotary balancer must be employed. 

Alternating Current: Bare metal electrodes are not 
now suitable for use with alternating current, 
although there are certain investigations afoot, 
such as the "Holslag" transformer, that would 
seem to make it possible to use bare electrodes 
A. C. supply. The results obtained with flux- 
covered electrodes are, however, quite satisfac- 
tory. With the latter the supply may be taken 
direct to the arc through a "Holslag" transformer 
or 1 10 volts may be obtained with a ^atic trans- 
former, the current regulation at the arc being 
maintained by a regulating resistance in series. 

RELATIVE CONDITIONS: 

As regards the respective merits of bare and flux-covered 
metal electrodes for arc welding, apart from electric supply 
conditions. Consider these below : 

Tensile Strength : There is no reason why a correct weld 
by either method should not be made to approach 
the strength of the original plate. 

Toughness : By virtue of the annealing properties of the 
slag and the absence of oxidation in added metal, the 
flux-covered electrode is superior. 

Quality of Metal: The flux may be made the vehicle of 
constituents which will give desired characteristics 
to the added metal. Porosity or piping will also be 
reduced by the use of flux-covered electrodes. 

Cost of Power and Equipment : The bare metal electrode 
is the cheaper if connected direct to the general elec- 
tric supply system. It is, however, more u^al prac- 
tice in America to provide an auxiliary machine with 
substitutional resistance or other regulating features 
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to give the correct current at the arc, whereas with 
flux-covered electrodes no such refinement is neces- 
sary. 

The power required and the cost of the equipment vary 
with the number of welders in use, the character of the work 
and the method employed. The larger the number of welders 
in simultaneous use, the more closely the total power needed 
will approximate to the sum of the averages, so that installa- 
tions providing for many welders are relatively less costly 
in regard to power plant than small installations with only a 
few welders. 

Welding Versus Riveting : Such particulars as are avail- 
able for intelligent comparison are included in Report Eleven. 
By eliminating the routine of marking off, punching reaming, 
caulking, to say nothing of the planed butt straps and in- 
sertions at watertight joints, there is ample margin to cover 
similar construction by means of electric welding until the 
process is standardized when costs would be further reduced. 

The most important point in favor of extending the use 
of electric welding is the reduction in amount of labor (Vide 
Report 11) which would be at least 25 per cent of the present 
charge under this head. Furthermore, superfluous material 
in the form of overlapping riveted plates and of angles and 
brackets would be considerably reduced. 



21 



Report No. 2 



TITLE: Brief Chronological Record of My Visits. 

(This constitutes a key to my subsequent reports, refer- 
ence to each of which is introduced at its appropriate place.) 



Accompanied by Sapper J. M. Muir, I left the Admiralty, 
London, first of February, to proceed to America for duty with 
the United States Shipping Board Emergency Fleet Corpora- 
tion. 

Due to unavoidable circumstances?, our arrival in this 
country was delayed until the evening of 16th February, when 
we were met on arrival by Messrs. E. A. Stevens, Jr., repre- 
senting the Emergency Fleet Corporation, and H. M. Hobart, 
who had kindly made arrangements for our accommodation 
at New York. 

Descriptive notes of my several visits to shipbuilding 
yards, etc., are included in Report Number Three. 

On the 21st of February I visited the Submarine Boat 
Corporation, Newark, N. J., who showed special interest in 
electric welding (Vide Report No. 3-A). It was at that time 
under consideration that this firm should be entrusted with 
the construction of an electric welded midship section of a 
5,000-ton standard ship, similar to the undertaking referred to 
in Report No. 1. 

In the afternoon I proceeded to Philadelphia, where I met 
Rear Admiral Francis T. Bowles, and his assistant, Mr. E. E. 
MacNary. It was then suggested that an organization w-ould 
be established at Philadelphia to arrange for the training of 
welding demonstrators to instruct unskilled labor at the Hog 
Island Shipbuilding Yard of the American International Ship- 
building Corporation (Vide Report No. 3-T). 

Accompanied by Mr. E. A. Stevens, Jr., I then proceeded 
to Washington and called on Mr. D. H. Cox, Manager, Divi- 
sion of Steel Ship Construction, when a tentative program 
was prepared of my future movements. I thereafter visrited 
Captain Stocker and Commander Land, at the Navy Yard 
offices, to discuss recent electric welding developments in 
Britain, and arranged for attendance at such navy yards in this 
country as time would i)ermit (Vide Report Xo. 3-J and R). 

I visited the Baltimore Drydock and Shipbuilding 
Company, Baltimore, on the 23d February, where I had a 
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most interesting meeting with Mr. H. A. Evans, President. 
(Report No. 3-C.) This, I consider one of the best laid-out 
shipyards I visited, and the management indicated that they 
were most anxious to make full use of electric welding, which 
has only been previously usred by them to a very limited extent 
in their drydocks. 

On the 24th of February I had a further meeting with 
Admiral Bowles and Mr. MacNary, arranging the scheme pro- 
posed to be set up for the instruction of welding operators, 
and assisting in the preparation of circulars and technical data 
to be used for instructional and publicity purposes. 

At Schenectady, on the 25th, 26th and 27th of February, 
I attended the works of the General Electric Company. In 
addition to having several matters of interest explained to 
me by officials and engineers, arrangements were made for the 
carrying out of welding tests to demonstrate the relative 
merits of bare and flux-covered metal electrode systems of 
electric welding, and Sapper Muir remained to carry out this 
work. I was particularly interested to witness the tests which 
were carried out in my presence, of a spot welding machine 
which the General Electric Company had recently developed 
for the joining of heavy steel plates (Vide Report No. 17, Sec- 
tion D). Other matters discussed with me were as under: 

Mercury Boiler and Turbine Unit 
Eectric Marine Propulsion 
Cast Steel Anchor Chains 

I traveled to Pittsfield on the 28th of February to inspect 
the Pittsfield Works of the General Electric Company. Elec- 
tric arc welding was being used extensively in the manufac- 
ture of transformer tanks, and I understand a saving in cost 
amounting to 10 per cent had been effected due to the intro- 
duction of the bare metal electrode arc system. A full descrip- 
tion of the welding activities at Pittsfield is given in Report 
17, Section A. 

At New York on the 4th of March, I called on Mr. E. B. 
Katte, Chief Engineer of the New York Central Railroad Com- 
pany, and I also met his assistant, Mr. Holslag, who was re- 
sponsible for the electric welding carried out by the NewYork 
Central Railroad. It was stated that electric arc welding with 
bare electrodes had been extensively applied in the repair of 
rolling stock at all the N. Y. C. shops. Comprehensive data 
of work done with different American machines and types of 
electrodes were shown. I am pleased to be able to include 
these particulars, with other information since supplied to 
me by Mr. E. B. Katte in Report No. 8. 

In the afternoon I attended the Emergency Fleet Corpora- 
tion offices, 115 Broadway, New York, where I met Mr. A. E. 
Wilkie and other members of the staff. My time was spent 
with Messrs. Rushmore, Stevens and Hobart during the after- 
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noon of the 4th of March, disrcussing future plans. Later in 
the afternoon I called at the British War Mission, and the 
Inspector Department of the British War Office. 

Staten Island Shipbuilding Company, New Brighton, 
N. J., was visited on the 5th of March, when I interviewed 
Mr. Bates, Vice President. I found that electric welding had 
been applied to a limited extent for repair work by means of 
portable welding machines. (Vide Report No. 3-D.) 

In the afternoon I visited the Standard Shipbuilding Com- 
pany, when I had an interesting meeting with Mr. E. Godoy, 
General Manager, and other members of his staff. No elec- 
tric arc welding has been carried out at this yard, but trials 
have been made to heat rivets electrically and a spot welding 
machine has been installed for the manufacture of steel tem- 
plates. Mr. Scott, the Chief Engineer, supplied me with the 
co^ of riveting, etc., with pneumatic plant, which indicated 
that electric welding could be used to advantage (Vide Re- 
port (No. 3-E). 

On March 7th, I visited the Federal Shipbuilding Com- 
pany and was shown round the plant by Mr. R. McGregor, 
who appeared to be in favor of electric welding, as he had re- 
cently ordered five equipments from the Quasi-Arc Company, 
and a spot welding machine from the Universal Welding 
Company of New York. (Vide Report No. 3-F.) I have since 
been informed that the midship section of a 9,5(X)-ton ship is 
to be constructed entirely by means of electric welding at 
this yard, when it is intended to try out several systems avail- 
able and alter the design of structural parts suitable for weld- 
ing. (Vide Report No. 1, Appendix B.) 

This afternoon I had a meeting with the directors of the 
Quasi-Arc Weltrode Company and visited their works to pri- 
marily ascertain the possible output of electrodes in view of 
the increased demand for electric welding. The firm prom- 
ised to make every endeavor to deal energetically in this mat- 
ter, and I was pleased to learn that arrangements were in 
progress for the extension of their manufacturing capacity 
(Vide Report No. 3-G), and facilities were being provided for 
the training of operators. 

The Moore plant of the Bethlehem Steel Corporation at 
Elizabethport, and Downey's Shipbuilding Corporation were 
visited on 8th March. Electric welding has not been used at 
the former plant, but Mr. Bursh, the shipyard Manager, was 
very interested in recent developments and suggested that 
I should recommend the adoption of welding construction to 
one of the 20 tugs now building at this yard (Vide Report 
No,3-H). 

At Downey's I saw good electric welding work being 
carried out by Mr. Fred Tye, who was a most efficient oper- 
ator with both bare metal and and flux-covered electrodes, 
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although it is a matter of regret that the plant at his disposal 
was not very suitably planned, and welding work appeared 
to be confined to repairing machine tools and shop plant. 
(Vide Report No. 3-1.) 

At the Brooklyn Navy Yard I spent all day of the 9th 
March. In addition to meeting the several officers indicated 
in Report No. 3-J, I was shown the electrical equipments in 
use and the comprehensive work on which they were engaged 
in the several divisions of this navy yard. 

Along with Lieutenant Kramer, I also inspected the S. S. 
Princess Irene, which was of special interest in view of the 
repairs carried out to the damaged machinery of this com- 
mandeered German vessel, which had since been engaged in 
European transport service. The Chief Engineer informed 
me that no trouble had been experienced with the engine parts 
repaired by electric welding, with the exception of a leak at 
the welded juncture of the high pressure cylinder, which was 
due to there being a space between the top of the liner in this 
cylinder and the cover. 

On the 3d of April, along with Messrs. Stevens and Ho- 
bart, I visited the Quincy Shipyard of the Fore River Ship- 
building Company. Mr. E. H. Ew^rtz, the General Superin- 
tendent of this Company, has been interesting himself in the 
application of electric welding to ship construction for some 
considerable time. He explained his proposals (1) for the 
entire electric welding of a torpedo boat; (2) a cargo vessel, 
and (3) a barge 300 feet long, all of which contained features 
of special interest. Mr. Ewertz appeared to have become 
convinced as to possibilities of electric welding after having 
carried out tests on a welded submarine tank which he sub- 
jected to 180 pounds pressure, when the welded joints proved 
satisfactory, although the side plating of the tank was dis- 
placed. I have described in Report No. 5 Mr. Ewertz's type 
of electrically welded ship. Mr. W. L. Roberts, who is in 
charge of the welding work at this yard, supplied me with 
relative data which he had collected (Vide Report No. 3-K). 

The River Works of the General Electric Company at 
Lynn was visited on 19th March, where it was noted that 
electric arc welding with bare metal electrodes was used to a 
very limited extent. (Vide Report No. 3-L.) 

I also visited Professor Elihu Thomson at his laboratory 
and later at the works of the Thomson Welding Company, 
where I witnessed the operation of a bull riveter machine re- 
cently converted to operate as a portable spot welder. (Vide 
Report No. 3-M.) 

The shipyard of Messrs. William Cramp & Sons was vis- 
ited on 21st March, along with Messrs. Adams and Stevens. 
Considerable use has been made there of electric welding by 
means of the carbon arc to replace smith welding in the con- 
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struction of ship fittings (Vide Report No. 3-N). Simplified 
desfigns of the structures have been prepared and issued to the 
workmen, who receive special inducements to increase output. 
I was especially impressed with the average performance of 
the riveters at this yard, as borne out by the statement of costs 
covering a considerable period. It may be mentioned here 
that Mr. Mull, President of the William Cramp & Sons Ship 
and Engine Building Company, and a Naval Constructor 
whom I met at another yard, are the only responsible parties 
interested in ship construction who have expressed strong 
views against the necessity of introducing other methods than 
riveting and caulking for the joining of hull plates. Mr. Mull 
further stated that at present riveting presented no difficulties 
as regards the obtaining of sufficient skilled riveters. 

At Philadelphia on 22nd March I met Mr. W. T. Bonner, 
who explained to me his various activities in electric welding 
during the last three or four years, and also showed me numer- 
ous photographs and descriptions of his work (Vide Report 
No. 7). Thereafter I accompanied Mr. Bonner to the Chester 
Shipbuilding Company (Vide Report No. 3-0), where several 
welding equipments are in use for the construction and erec- 
tion of ship fittings, and I was also shown an electric welded 
model section of an oil carrying barge partially constructed 
by Mr. Bonner. 

The electric welding work being carried out at the West 
Albany Shops of the New York Central Railway Company 
was of special interest in that I was able to inspect the Hol- 
slag static machine for use with alternating current supply, 
and appreciate the satisfactory results obtained by Sapper 
Muir with this machine. (Vide Report No. 3-P and Report 
No. 10.) 

On 27th March I visited the Newport News Shipbuilding 
and Drydock Co., along with Messrs. Adams, Stevens and 
Hobart. It was noted that electric arc welding with bare metal 
electrodes had been extensively adopted at this yard and in 
addition to much oxy-acetylene welding, considerable good 
work had been done under the supervision of Mr. H. I. Walsh 
and his staff of 125 operators in various stages of proficiency. 
In addition to the existing equipment, I was informed that 
apparatus suitable for flux-covered electric arc welding had 
recently been ordered. Indications are given in report No. 3-Q 
of the extensive repair work carried out by welding at this 
yard, but apart from the further extension of the process on 
this class of work, there would appear to be considerable po- 
tentialities for the substitution of electric welding for riveting 
in new work. It is of interest that 17 damaged German liners 
were repaired here. It was at first intended to execute these 
repairs by means of electric welding cast steel patches to the 
iron castings. Subsequently, however, acetylene welding with 
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cast iron filling rod was employed for the carrying out of these 
cast iron repairs. 

At Portsmouth Navy Yard at Norfolk, I was received by 
Naval Constructor Watt and Naval Constructor Knox. In the 
shops, electric spot welding has been successfully applied and 
three machines are in constant use, in addition to 1/ electric 
arc welding equipments including Wilson, C & C and Quasi- 
Arc. I also inspected an automatic machine for the electric 
welding of the circumferential seams of Mines. It was stated 
by Naval Constructor Knox that by the use of this machine 
even in its present undeveloped condition, the seam around the 
Mine could be welded in 15 minutes instead of 60 minutes, as 
taken by the hand operators at present. (Vide Report No. 
3-R.) 

Mr. H. M. Hobart accompanied me to the New York 
Shipbuilding Company on 3rd of April. This visit was of spe- 
cial interest in view of the spot welding investigations carried 
out by this firm sometime ago (Vide Report No. 9 and Report 
No. 3-S), also because we were able to inspect a watertight 
door with parts assembled with a combination of spot and arc 
welding. Only one arc welding machine is at the present time 
in service with bare metal electrodes. At the request of 
the management, I sent Sapper Muir to give a demonstration 
of electric arc welding with the flux-covered metal electrode. 

I was very much impressed with my visit to the Hog 
Island Shipyard of the American International Shipbuilding 
Corporation on 4th April (Vide Report No. 3-T). Four spot- 
welding machines have already been ordered, capable of join- 
ing heavy fabricated parts. Equipments by various makers 
of electric arc welding apparatus are being installed for the 
instruction of skilled operators in all systems to meet the an- 
ticipated demand for these from shipbuilding concerns all over 
the country. 

On behalf of the British Admiralty, I visited the National 
Malleable Castings Company's shops at Sharon and Cleveland 
on the 9th of April, to investigate the extent to which this firm 
would be in a position to apply cast steel anchor chains (Vide 
Report No. 3-U). 

Along with Messrs. Adams, Stevens and Rigby, I attended 
at the works of the Ford Motor Company on 10th April. 
(Vide Report No. 3-V.) We were received by Mr. W. S. 
Knudson, Supt. of Construction, who explained the design and 
proposed method of constructing the novel type of Submarine 
Chaser, the parts for which it is intended to manufacture at 
the factory, whilst erection will be carried out at the new shops 
now in process of erection at River Rouge. One General 
Electric and two Wilson machines were on order. It is in- 
tended that these will be used with bare metal electrodes, but 
I understand that Mr. Knudson is now arranging to carry out 
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trials with flux-covered electrodes. No indication was given 
as to the extent to which it was proposed to adopt electric 
welding in the construction of the submarine Chaser Craft. 

This report was forwarded to Mr. D. H. Cox, Manager 
Division of Steel Ship Construction at the Washington offices 
of the Emergency Fleet Corporation on April 22nd. There- 
after I propose to assist the Electric Welding Committee to 
develop their plans for electric welded ship construction, until 
30th April, when I terminate my period of duty with the U. S. 
Shipping Board.' 

It is also intended to visit Schenectady to witness the com- 
pletion of the tests being carried out under the direction of Mr. 
E. E. MacNary and myself, and if possible, I will render pre- 
liminary assistance to the Ordnance Department, from whom 
I have received advice that application has been made to the 
British Admiralty for my services for a period not exceeding 
one month. 
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APPENDIX A 
Four District Meetings to Discuss Welding 



In addition to attending the several meetings of the Elec- 
tric Welding Committee at New York, (Vide Report No. 4), I 
was present at meetings of shipbuilders and local representa- 
tives of the Emergency Fleet Corporation and Classification 
Societies held at various centers as under : 

March 18, Boston, Mass. 
21, Philadelphia. 
26, New York. 
29, Baltimore. 

These meetings were held for the purpose of enabling me 
to meet and confer with a larger number of men in the ship- 
building and allied industries than would otherwise have been 
possible. The attendance is indicated on the attached sheet. 

Professor Comfort A. Adams, Chairman of the Electric 
Welding Committee, presided on all these occasions and after 
himself reviewing the situation called upon me to describe the 
nature and purpose of my mission. The following resolutions 
passed at the Boston gathering are typical of the views held 
by all the interests represented at the above meetings: 

WHEREAS being convinced that a considerable saving 
in time and material can be brought about by the introduction 
of electric welding in shipbuilding — be it — 

RESOLVED : That the Emergency Fleet Corporation be 
urged to authorize its committee on electric welding to prepare 
immediately a modification of the plans of a standard ship, to 
the end that it may be most readily assembled by electric 
welding. 

Also, that the Emergency Fleet Corporation be urged to 
authorize the construction of such a ship, electrically welded 
throughout, work to be started as soon as the plans are com- 
pleted. 

Also, that in the meantime electric welding be applied as 
rapidly as possible to those parts of ships now under construc- 
tion, where the greatest saving of labor and material is 
obvious. 

Also, that the Training Department under Mr. MacNary 
be authorized to make plans for the training of three thousand 
C3,000) arc welders within the next three months 
March 18, 1918. 
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List of Those Who Attended the District Meetings. 

(1) Representatives of Emergency Fleet Corporation. 

Prof. C. A. Adams, 

Chairman, Electric Welding Committee. 
E. A. Stevens, 

Secy. Electric Welding Committee. 
H. M. Hobart, 

Member, Electric Welding Committee. 

E. E. MacNary, 

Industrial Training Department. 
A. E. Wilkie, 

District Officer, New York. 
•J. S. Abrams, 

Chief Inspector, New York 
A. G. Volck, 

Plant Engineer, New York. 
H. O. Trowbridge, 

District Officer, Boston, Mass. 
H. I. Cole, 

Resident Inspector, Quincy, Mass. 
R. J. Drum, 

Resident Inspector, Groton, Conn. 
Edmund P. Briggs, 

Resident Inspector, Texas S. S. Co., Bath, Me. 
Joseph B. Rowen, 

Resident Inspector, Portsmouth, N. H. 
S. G. Jenks, 

District Officer, Baltimore, Md. 
D. G. Anderson, 

District Supervisor, Baltimore, Md. 
C. D. Albert, 

Field Inspector, Baltimore, Md. 

F. Walsh, 

District Inspector, Philadelphia, Pa. 
F. W. Grogan, 

District Officer, Philadelphia, Pa. 
Thos. M. Fendall, 

Asst. Resident Engineer, Philadelphia, Pa. 
Henry M. Wesson, 

Inspector, Philadelphia, Pa. 
J. Thornton, 

District Officer, Philadelphia, Pa. 
R. E. Armstrong, Inspector, 

Pennsylvania & New Jersey Shipbuilding Com- 
panies, Philadelphia, Pa. 
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(2) Shipbuilders, Engineers, etc. 

G. Norman Scott, 

Standard Shipbuilding Corporation, New York. 
Harold P. Brown, 

Manager, Concrete Atomizer Co., New York. 
Herbert M. Williams, President, 

Bayles Shipyard, Inc., New York. 
W. H. Hoab, 

Todd Shipyard Corporation, New York. 
Luther D. Lovekin, 

American International S. B. Corp., New York. 
John H. Anderton, 

American International S. B. Corp., New York. 
A. E. Van Bibber, 

American International S. B. Corp., New York. 
A. H. Ranger, 

Bethlehem Shipbuilding Corporation, New York. 
Robert Dowling, 

Staten Island Shipbuilding Co., New York,, 
A. Cyril Rimmer, 

Federal Shipbuilding Co., New York. 
James A. Mitchell, 

Newburgh Shipyards, Inc., New York. 
R. C. Hodges, 

Newburgh Shipyards, Inc., New York. 
Clifton Yoemans. 

Naval Architect, New York. 
E. J. White, Supt., 

Atlantic Corp., Portsmouth, N. H. 

E. H. Ewertz, Gen. Supt., 

Victory Plant, Bethlehem S. B. Co., Quincy, 

Mass. 
H. B. Andrews, Supt., 

Virginia S. B. Corp., Alexandria, Va. 
Thos. S. McElroy, Supt., South Yard, 

Baltimore Dry Docks & S. B. Co., Baltimore, Md. 
C. W. Lampole, 

Virginia Shipbuilding Corp., Alexandria, Va. 
C. M. Hensen, Bethlehem Shipbuilding Corp., 

Sparrows Point Branch, Sparrows Point, Md. 
C. D. Hubbard, Bethlehem Shipbuilding Corp., 

Harlan Plant, Wilmington, Del. 
James G. Dudley, Research & Experimental Dept., 

Chester Shipbuilding Co., Philadelphia, Pa. 

F. P. Hall, Chief Estimator, 

Che^er Shipbuilding Co., Philadelphia, Pa. 
H. A. Homor, Consulting Engineer, 

Hamilton Court, Philadelphia, Pa. 
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Joshua W. Atlee, Asst. to Naval Architect, 

Wm. Cramps & Sons, S. & E. Co., Phila., Pa. 
Edgar P. Trask, Asst. to Naval Architect, 

Wm. Cramps & Sons S. & E. Co., Phila., Pa. 
G. A. Pierce, 

Wm. Cramps & Sons S. & E. Co., Phila., Pa. 
H. C. Towle, Asst. Manager, 

New York Shipbuilding Co., Philadelphia, Pa. 
Wm. T. Bonner, 

Chester Shipbuilding Co., Philadelphia, Pa. 
Henry Thomas, 

Sun Shipbuilding Co., Philadelphia, Pa. 
J. W. Winston, Asst. Mgr. of Construction, 

Sun Shipbuilding Co., Philadelphia, Pa. 
Charles Morris, Supt. Mech. Dept., 

Sun Shipbuilding Co., Philadelphia, Pa. 
Arthur Parker, Electric Engr., 

New York Shipbuilding Co., Philadelphia, Pa. 
Walter Jones, Research & Experimental Dept., 

Chester Shipbuilding Co., Philadelphia, Pa. 

(3) Classification Societies. 

H. C. E. Meyer, 

American Bureau of Shipping, New York. 
Geo. C. Sharp, 

* American Bureau of Shipping, New York. 
J. French, 

Lloyds Register of Shipping, New York. 
H. J. Cox, 

Lloyds Register of Shipping, New York. 
Peter Hynes, 

Groton Iron Works, Groton, Conn. 
F. O. Percy, General Mgr., 

Cumberland Shipbuilding Co., So. Portland, Me. 

(4) United States Navy Department and Admiralty. 

Captain James Caldwell, R. E. 

Deputy Asst. Director of Materials and Priority, 
Admiralty. 
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NOTES RELATING TO EACH OF THE SHIPYARDS 

AND PLANTS VISITED 



GENERAL HEADINGS. 



(1 
(2 
(3 
(4 
(5 
(6 
(7 
(8 
(9 



Date of Visit. 

Officials Interviewed. 

General Remarks. 

Method of Construction. 

Workers. 

Capacity. 

Output. 

Electric Welding. 

Conclusions, etc. 
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1. List of Visits and Dates. 

(Feb.-April, 1918.) 

A — Submarine Boat Corporation (Feb. 21).... page 37 

B — Concrete Boat Corporation (Feb. 22) page 38 

C — Baltimore D. & S. B. Corp. (Feb. 23) page 39 

D — Staten Island S. B. Co. (March 5) page 41 

E— Standard S. B. Co. (March 5) page 42 

F — Federal Shipbuilding Co. (March 7) page 43 

G — Quasi-Arc Weltrode Company (March 7). .page 44 

H— "Moore'' Plant, Bethlehem S. C. (March 8) .page 45 
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page 54 
Q — Newport News S. B. & D. D. Co. (Mar. 27) .page 55 
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Shipbuilding Co. (April 4) page 60 

U — National Malleable Castings Co (April 9). page 61 
V— Ford Motor Co. (April 10) page 62 
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THE SUBMARINE BOAT CORPORATION (A) 

Visited : 

21-2-18. Accompanied by Messrs. Hobart and Rushmore. 

Location : 

Port Newark Terminal, Newark, N. J. 

Officials Interviewed : 

Mr. Henry Sutphen, Vice President. 

Mr. B. L. Worden, General Manager. 

Mr. C. T. Henderson, Engineering Manager. 

G^eral Remarks: 

This yard is an offshoot from the works at East Lon- 
don, Conn., which is confined to the manufacture of sub- 
marines. It is laid out on marshy flat ground where opera- 
tions were started in September 1914. Twenty-eight slips 
have now been laid down and the necessary offices and 
shops are nearing completion. 

Methods of Construction : 

Materials for ship construction will be delivered 
ready for erection on site, from 47 Fabrication Shops. 

Workers : 

18,000 to 21,000 men will be ultimately employed. 

Output: 

140 5,000-ton standard ships to be delivered within 
two years. 

Electric Welding : 

A spot welding machine has been ordered from the 
Universal Electric Welding Corporation (the total weight 
not to exceed 6 tons). It was pointed out to the firm that 
arc welding was more suitable for hull plating work and 
the suggestion made to use the spot machine only to hold 
plates in position during assembly, thereby replacing serv- 
ice bolts or wide spaced rivets, the difficulty of "bolting 
up and reaming" being thus obviated. Arc welding with 
bare electrodes (35 volts) has been tried. Sample welds 
inspected, although considered satisfactory by manage- 
ment, were of poor quality. This firm is most anxious to 
install extensive electric welding equipments. As a pre- 
liminary it is proposed to weld deck structures and an 
engine room compartment in yard to be used for fitting 
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pipes, etc., preparatory to fixing these in vessels. Later, 
with concurrence of Admiral Bowles it is desired to build 
an entirely electric welded ship. Mr. Henderson, who was 
most interested in this proposition, is now free to devote 
himself to the supervision of electric welding develop- 
ments as his present work is sufficiently forward to pro- 
vide him with the time. 



CONCRETE BOAT CORPORATION (B). 

Visited : 

22-2-18. 

Officials Interviewed : 

Mr. E. J. Wig, Chief Engineer for Reinforcement 
Ship Flotilla, Washington, D. C. 

General Remarks : 

Methods of Construction : 

(1) Straight framing. 

(2) Isherwood. 

Output : 

^ , J Contracts dependent 'on 

Contracts placed : successful completion : 

(a) One, 7,500-ton vessel (a) Five, 4,500 ton vessels. 

(b) One, 3,000-ton vessel (b) Forty-nine 3,000-ton 

vessels 

(c) Two, 3,500-ton vessels (c) Fifteen, 3,500-ton 

vessels 

Application : 

Standard Ships, Dry Docks, etc. 

(Ideal construction : — concrete below water line, steel 
above. All concrete structures in sea water deteriorate 
when exposed to air due to concentration of sea salts.) 

Electric Welding Uses : 

(1) Longitudinal members, the length of ship. 

Generally 1 to 134" diameter bar. 
To be butt welded before fixing in position. 

(2) Vertical and Diagonal Members. 

y^"yiH\ J^"xj4" or H"x5^" section. 
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To be fixed (by welding), at intersections and to 
longitudinal bars. 
Present proposal, to order two trial welding machines. 

(a) One for Butt connections (Longitudinals). 

(b) One for Lap connections (Verticals to Longi- 
tudinals). 

Total number of machines required, 20 to 30. 

Steel Work .—details. 

Quality of steel, 60,000 lbs. tensile strength. 

Factor of safety-2-until elastic limit reached. 
Factor of safety-4-until fracture would occur. 
Total Stress (local and longitudinal) calculated : 

(a) Interior of Frames, 20,000 lbs. per square inch. 

(b) Upper plating and Decks, 16,000 lbs. per square 
inch. 

(c) Bottoms, 12,000 lbs. per square inch. 



THE BALTIMORE DRYDOCK & SHIPBUILDING 
COMPANY, BALTIMORE, MD. (C) 

Visited : 

23-2-18. Accompanied by Mr. Stevens. 

Location : 

Baltimore, Md. 

Officials Interviewed : 

Mr. H. A. Evans, President. 

Mr. H. M. Willis. 

Mr. MacElroy, Supt. Steel Construction. 

Mr. Adams, General Works Superintendent. 

General Remarks: 

Three years ago this firm carried on ship repair busi- 
ness with 25 men. They are now an extensive shipbuild- 
ing concern. 

Methods of Construction: 

Materials are finished on site with the exception of 
some standard detail fittings. It is not intended to build 
ships with fabricated parts at this yard. 

Workers : 

25 men — 3 years ago. 
4,500 men — At present. 
6,000 men — Shortly. 
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Capacity : 

Two Dry Docks. 

Two slips (220 yds.) Old Yard. 

Six slips (440 yds.) New Yard. 

Output: 

Old Yard put into service 12 months ago. Conditions 
most inefficient. 

7 — 5,000-ton ships (cargo and mine sweepers) com- 
pleted. 

New Yard to be completed March 1918. 
18 — 10,000-ton ships per annum, each 70 days in slips 

50 " fitting out ' 

120 days total 
Typical contract just placed by Emergency Fleet 
Corporation. 10 — 10,000-ton Tankers to be delivered 
October 1918. 

New Yard layout arrangement — So arranged to facili- 
tate handling of materials which will pass through the 
shops without interruption. 
Sequence : 

(1) Railway Siding. 

(2) Store Yard — Capacity 20,000 tons. 

Plates on edge. 

(3) Covered Shop (a) Plate Rolls. 

(b) Punches 

(Mech. moving table on 
rollers operated by one 
lever.) 

(4) Traveller roller supports on rails. 

(movement straight forward or across shop.) 

(5) Outside Transverse Crane. 

(6) Two Derrick Cranes between each slip for for- 
ward movement of material. 

(7) Space between shop and slips 120 yards. 

(8) Two Piers 1,100 ft. long either side of 6 slips. 

(9) Outfitting Piers (a) Boiler shop at end of No. 1. 

(b) Carpenters and Outfitting 
shops. 

(c) Stores for completed fittings 
awaiting launching. 

Electric Welding : 

Formerly used for Boiler repairs, etc., which were 
executed by Maryland Welding Company, Baltimore. 
Interviewed Mr. Davis of this Company who stated : 

(1) Bare rod and gaseous flux electrode used. 

(2) Compound wound portable Machine 40/60 volts 
D. C. Voltage of arc does not exceed 30 volts 
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(3) Does not preheat Cast Iron work (sometimes 
successful). 

This firm is alive to the possibilities of electric weld- 
ing. They propose to install plant with a view to assem- 
bling bulkheads and deck fittings. It is also proposed to 
consider spot welding for fabricated structures. 

Conclusion : 

The New Yard is the most efficient installation I have 
ever seen and should certainly give most expeditious pro- 
duction. 

Criticisms: 

The Shop Plant seems large for the number of slips 
laid down. It was noted that considerable difficulty was 
experienced at the drydocks due to freezing of the river. 
The drydocks were inadequate to cope with the repair 
work requiring attention (15 vessels awaiting entry dur- 
ing my visit). 



STATEN ISLAND SHIPBUILDING COMPANY (D) 

Visited : 

5-3-18- Accompanied by Messrs. E. A. Stevens and 
H. M. Hobart. 

Location : 

Staten Island, New York. 

Officials Interviewed : 

Mr. Bates, Vice President (Technical). 

General Remarks : 

Methods of Ship Construction: 

All the work of fabrication is carried out locally. 

Workers : 

New yard started a year ago — 1,000 men. 
Old yard for repairs only — 1,000 men. 

Capacity : 

New yard 6 slips 300 feet long 2 drydocks. 
Old yard 3 drydocks. 

Output : 

3,500-ton cargo vessels. 

8 mine sweepers for U. S. A. Navy Dept. and sundry tanks. 

Each 90 days: in slips 50 to 60 days fitting out. 
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Electric Welding : 



Equipment : 

2 Wilson machines on trolleys, 20 to 25 volts. 
1 C. & C. machine, 70 volts. 

Each suitable for one welder. They repaired two of 
the damaged German ships, including the cylinders 
70^ in diameter, 5' stroke. The cast steel patches 
were welded to the cast iron cylinders, both of these 
having steel studs. These cylinders were fitted with 
flange liners. The cost of repairing each cylinder was 
approximately $7,000. The electric welding of brass 
is carried out successfully at this yard with the weld- 
ing machines using bronze electrodes. 



STANDARD SHIPBUILDING COMPANY (E) 

Visited : 

5-3-18. Accompanied by Mr. H. M. Hobart. 

Location : 

Staten Island, N. Y. 

Officials Interviewed : 

Mr. E. Godoy, General Manager. 
Mr. Hunter, Ship Constructor. 
Mr. Scott, Chief Engineer. 

General Remarks: 

A small shipbuilding firm until 1916, when taken over 
by Cuban Financial House. 

Methods of Construction : 

Fabrication on site. Engines built for standard ships. 
(Triple expansion.) Scotch boilers. 

Workers : 

4,500 men. 

Capacity : 

Six slips. 

Output : 

Twelve 7,500 standard ships each 4^ months in slips, 
lyi months fitting out. (First six are 14 months overdue- 
on account of fire which destroyed Mould Loft and Plate 
Shop). 
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Oxy-acetylene Welding: 

Oxy-acetylene used extensively for plate cutting, but 
little used for welding. 

Arc Welding : 

Has not been employed except in Machine Shops for 
special work. 

Spot Welding : 

Machine being installed to make steel templates. 

Trial is being made of tools to heat rivets electrically. 

« 
Remarks: 

By Mr. Scott: — Air Compressor Plant. 

150 cub. feet of air (displacement) per minute per 
gang of riveters including 

Drilling 65 cu. ft. per min. 

Reaming 60 cu. ft. per min. 

Riveting 35 cu. ft. per min. 

CaE|[ 30 cu. ft. per min. 

Holder on) , .^ 

Rivet Fire} ^ ^"- ^^' P^^ "^'"• 

Required Capacity of Compressor: 

50 per cent of total (usually 130 cubic feet, delivered) 
per minute per gang. 

Cost of shipbuilding $180.00 per ton Deadweight. 



FEDERAL SHIPBUILDING COMPANY 
FEDERAL SHIPBUILDING COMPANY (F) 

Visited : 

7-3-18. Accompanied by Mr. Abrams of the Emergency 
Fleet Corporation, and Mr. Hobart. 

Location: 

Hackensack, N. J. 

Ofificials Interviewed : 

Mr, R. McGregor, General Manager. 
Mr. McAlpine, General Superintendent. 
Mr. L. B. Broadford, Chief Engineer. 

General Remarks: 

Yard laid out August 1914. 
Contract placed for 9,600-ton standard ships. 
Store Yard — Plates on edge. Riveting, one gang 
averaged 700 rivets per day. 
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Methods of Ship Construction: 
60 per cent fabricated. 
40 per cent erected on site. 
Fabricated parts Midship Sections. 
Inner Bottom Connections. 
Outboard Intercostals. 

Workers : 

5,000 men. 

Capacity : 

10 slips (6 completed). 

Output : 

25 9,600-ton ships a year. 
(One every two weeks). 
Each 2 months on slips. 
1 month fitting out. 

Electric Welding: 

Mr. McGregor favors adoption of spot welding em- 
ployed on ship constructed of longitudinal channels 24" 
wide. 
5 Electric Arc Equipments (Quasi) on order. 



QUASI-ARC WELTRODE CORPORATION (G) 

Visited : 

7-3-18. 

Officials Interviewed : 

Mr. Alexander, President. 

Mr. Moffat, Director. 

Mr. Rigby, Australian Representative. 

Supply Facilities: 

Estimated output, 100,000 Weltrodes a week. 
5 machines covering wire with yarn. 
5 machines are on order (additional). 
Electric Supply : 

1 Welding Equipment on D. C. with Resistance. 

2 Welding Equipments on A. C. (2 phase) with reactance 
in circuit. 

1 Welding Equipment with transformer and resistance. 
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Training of Operators: 

The firm have offered to instruct four welders in the 
use of Quasi System. Arrangements have been made by 
Mr. MacNary for this being done immediately. 



BETHLEHEM STEEL CORPORATION (H) 

(Moore Plant) 

Visited : 

8-3-18. Accompanied by Mr. Hobart. 

Location : 

Eizabethport, N. J. 

Officials Interviewed : 

Mr. George Wodey, Asst. Gen. Mgr. 
Mr. A. L. Bursh, Shipyard Manage. 

General Remarks : 

Formerly S. L. Moore & Son. Old yard discarded 15 
years ago, rebuilt in 1916. 

Methods of Ship Construction : 

Fabricated on site. 

Plates developed on floor and fixed in position. 
Templates for only 11 plates each ship. 96 per cent 
of vessel erected in position without fitting. 

Workers : 

1,360 men. 

Capacity : 

5 slips. 

Output : 

Contracts — 2-3,800 cargo ships. 

1-5000-ton tanker. 
20 Tugs (27'6'' X 6' X 151/ .^ 
First ship to be launched 4-17-18. It was su.rted 
Oct. 25, 1917. 

Electric Welding : 

Has not been used but firm is anxious to favorably 
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consider the application. Mr. Bursh suggests welding the 
hull of a tug costing $300,000 comprising 275 to 300 tons of 
steel. 



DOWNEY SHIPBUILDING CORPORATION (I). 

Visited : 

8-3-18. Accompanied by Mr. Hobart. 

Location : 

Staten Island, N. Y. 

Officials Interviewed : 

Mr. R. S. Armstrong, Assistant to Vice President. 

General Remarks: 

Formerly Mulligan Steel Works — Structural steel manu- 
facturers. 
Engines obtainecj from outside firms. 

Methods of Ship Construction: 

Fabricated parts received from own mills. 

Workers: 

1,000 men. 

2,000 men shortly. 

Capacity : 

4 slips for 7,500-ton vessels. 

3 more slips available when another contract is obtained. 

Output : 

Contract for 7,500-ton vessels to be delivered January, 
1918. First of these vessels expected to be launched in 
May, 1918, and one a month thereafter. 
Notes by Mr. Armstrong : 

2,500 tons of steel per ship. 
500,000 rivets per ship. 
200 rivets to the ton. 

Electric Welding: 

It was stated that no electric welding was being done 
except the repair of shell plates, etc., by means of a hired 
plant, but on going through the shops it was ascertained 
that a welding plant had been installed by the Quasi-Arc, 
connected to 220 Volts, D. C. and was used extensively in 
the machine and engine repair shop by Fred Tye, who is 
a most efficient operator with both bare metal and flux- 
covered electrodes. 
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■ 

BROOKLYN NAVY YARD— U. S. NAVY 

DEPARTMENT Q) 

Visited : 
9-3-18. 

Location: 

Brooklyn, N. Y. 

Officials Interviewed : 

Admiral Burd, Industrial Manager. 

Captain Rock, Naval Constructor. 

Commander Dungan, Engineer Officer. 

Lieutenant Commander Winston, Asst. Engr. Officer. 

Lieutenant Carmichael, Asst. Naval Constructor. 

Lieutenant Fulton, Asst. Naval Constructor. 

Lieutenant B. F. Hart, Engineer Officer. 

(Supervised repairs to German ships.) 
Lieutenant Kraemer, Engr. Officer. 

(Supervised repairs to German ships.) 

General Remarks: 

The usual output of the Machinery Division has in- 
creased four times in quantity during the last year, while 
less men were employed in proportion thereto. 

Methods of Ship Construction: 

Workers: 

6,000 enlisted men. 
17,000 civilians. 

Electric Welding : 

Hull Construction Division has Quasi-Arc Equip- 
ment, 250 volts, D. C. 1 Bare Metal Equipment. 

Electric welding is limited here to the repair of steel 
castings and stern posts on Destroyers. 

Machinery Division has four Wilson portable equip- 
ments, and one Quasi-Arc Equipment, 220 volts, D. C. — 2 
additional ones on order. The Wilson plant was used for 
steel work on boilers and cylinders, while the Quasi-Arc 
equipment was chiefly used for reinforcing defective steel 
castings. The interned German vessels were shown to me, 
and along with Lieutenant Kraemer I inspected the Prin- 
cess Irene. The Chief Engineer of the Princess Irene ex- 
plained that no trouble had been experienced, with the ex- 
ception of a leak at the welded structure of the H. P. 
cylinder through the space between the top of the liner 
and the cylinder cover. During the first voyage the valve 
casing was shattered, due to a large nut having been left 
inside. This was repaired in France, where shattered 
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parts were reached, and steel studs placed inside the 
opening prior to the addition of the welding material. Ex- 
amples of work : 

Lubricating oil tanks in Submarine Chasers 24"x4'x 
J4" H. P. Tanks to contain exhaust steam to operate M. B. 
Whistle 18" pipe with blanks welded to ends tested to 300 
lbs. 



FORE RIVER SHIPBUILDING COMPANY (K) 

Visited : 

16-3-18. Accompanied by Mr. Stevens and H. M. Hobart. 

Location : 

Quincy, near Boston. 

Officials Interviewed : 

Mr. E. H. Ewertz, General Superintendent. 
Mr. J. F. Clinton, Electric Engineer. 
Mr. W. L. Roberts, Welding Expert. 
Mr. Williams, Supt. Constructor. 

General Remarks : 

This shipyard has been in operation for the last 20 
years, and has been considerably extended during the past 
year. Mr. Ewertz is a great authority on Submarine Con- 
struction, having assisted Mr. Holland with his first sub- 
marine. New works have been erected, to manufacture 
steam turbines, at Buffalo, and an additional shipyard is 
being laid out at Squantum, the latter plant to be used 
for the purpose of completing the contract for 35 torpedo 
boats. 

Capacity : 

At Quincy : 46 slips. 1 for Battle Cruiser. 

6 for Merchant Vessels. 

8 for Torpedo Boats. 
At Squantum : 32 for Submarines. 

Also 2 fitting out docks. 

35 Destroyers. 

Output : 

Torpedo Boats, 140 days in slips, 120 days in fitting 
out docks. Submarines, 3 months in slips, 2 months in 
fitting out docks. Other firms build submarines complete 
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for service, on slips. All pipe connections, etc., are fitted 
on complete wood model of the hull to template. In- 
spected two such models with fittings in position. 

Ekctric Welding: 

Electric Welding used extensively to weld staples, etc. 
Submarine tank ends were welded and tested to 180 lbs. 
pressure. A pin hole leak was made satisfactory by caulk- 
ing, though end of tank bulged out. 

Design for Torpedo Boat prepared by Mr. Ewertz 
for electric welding. 



Electric Welded Torpedo Boat: 




Mr. Robert's estimate of No. of running feet for welding. 


(1) Shell with lapped seams and butts 




7 fore and aft 




ship 310 ft. long 




7x310 (P. &S.) 


4,340 ft. 


(2) Shell Butts, say 


700 ft. 


(3) Main Deck. 




4 seams fore and aft 




4x310 


1,240 ft. 


(4) M. D. Butt 70 x aver, of 5 ft. 


350 ft. 


(5) Platforms 




Estimated Butts and Seams 


1,500 ft. 


(6) Bulkheads (Transverse) 


2,400 ft. 


(Fore and aft) 


600 ft. 




12.000 ft. 


Comparison (date of laying keel to date of launching) 


Riveting : 30 gangs approx. 100 men 


104 days 


Electric Welding: 12 men 


50 days 



Saving 54 days 
Unit comparative cost of main deck construction. 
Present method $18.44 

Electric Welded method 10.13 

In addition the moulding loft template of plate for 
welding would be approx. J4 for riveted construction. 
Suggested details of Electric Welded Construction — (Devel- 
oped by Mr. Ewertz) 

(1) Connections of transverse bulkheads and Platform 
Deck with shell showing bounding angles and jog- 
gling. 

(2) Connection of transverse bulkhead with vertical keel 
showing staples and small parts. 

(3) Connection of centre line bulkhead and transverse 
bulkhead with second deck showing bounding angles 
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and joggling. 

(4) Deck plan showing butt of 6 lb. and 10 lb. plate and 
seams of 6 and 10 lb. plate with 20 lb. stringer plate. 

(5) Longitudinal W. T. Bulkhead 24 inches from centre 
line of ship on port side (staples eliminated). 



RIVER WORKS (GENERAL ELECTRIC CO.) (L) 

Visited : 

3-19-18. Accompanied by Mr. H. M. Hobart. 

Location : 

Lynn, near Boston. 

Officials Interviewed : 

Mr. L. E. Underwood. 

General Remarks: 

The mass production of motors was most interesting. 
For sizes up to 25 H. P. the output of motors for 1917 was 
132,000. 

In Power House a 4,500 H. P. Turbine is supported 
on 4 steel standard?, H beams 12''xl2'' with horizontal 
members 12"x4"xVt". Turbine has no bedplate. Laid 
direct on this steel frame support. 

Electric Welding : 

Arc System in use with bare metal electrodes. 



THOMSON WELDING COMPANY (M) 
LABORATORY AND WORKS 

Visited : 

3-19-18. Accompanied by Mr. H. M. Hobart. 

Location : 

Lynn, near Boston. 

Officials Interviewed : 

Prof. Elihu Thomson. 

Mr. Cutter. 

Mr. Walcott Remington. 
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General Remarks : 

The inspection of these Works was principally of in- 
terest as being where the earliest forms of resistance 
welding machines were manufactured. Viewed several 
spot and butt machines in operation and process of erec- 
tion. Bull Riveter converted to spot welding for plates 
from J^" to ^^ thick. Total weight 4 tons. Cast Copper 
used for transformers has a conductivity nearly equal to 
that of drawn wire. Discussed method of welding end of 
cylinders for Liberty Motor with Prof. Thomson. 



WM. CRAMP & SONS SHIP & ENGINE BUILDING 

COMPANY (N) 

Visited : 

3-21-18. Accompanied by Messrs. Adams, Stevens and 
Hobart. 

Location : 

Philadelphia. 

Officials Interviewed : 

Mr. J. H. Mull, President. 

Mr. Knockersperger, General Manager. 

Mr. Cramp, Jr. 

Methods of Construction: 

Fabrication on site. This firm has been in business 
for 50 years. It introduced pneumatic riveting into Brit- 
ain and at the request of Lord Pirrie and Prof. Biles, sent 
plant and men to Harland & Wolff's Yard. 
Torpedo Boats and Troop Ships. 
80 per cent Navy work. 
Torpedo Destroyers. 

4 to 5 months in slips. 

2 months fitting out. 

One vessel every two weeks. 

Work on Hand: 

9 commandeered ships being refitted. 
46 Torpedo Destroyers. 
Ways: 

13 slips. 

Electric Welding : 

Arc System with Carbon and Bare Metal Electrodes. 
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Equipments. 

2,400 amp. 74 volt machines— one operator. 

1,600 amp. 70 volt machines — ^two operators. 

The bulk of electric welding has been done by the 
carbon arc and is used to replace blacksmith welding the 
following : 

Boiler plate shapes Ventilating Pipe Coamings 
Bulkhead frames Davits 

Staple bars Stowage Racks 

Angle rings Fixing Clips (Hatchways) 

Deck frames 

Simplified designs of above structures, with piece 
work rates, have been prepared and issued to workers. 

Simplified designs of above structures have been pre- 
pared and issued to workers. 

Galvanized work is welded with the carbon arc after 
grinding away as much of the galvanizing as possible. 
Mr. Mull stated that only 5 per cent of the work is carried 
out with the metal electrode. Mention was made of at- 
tempts to weld a boiler with the carbon arc so it is under- 
stood the firm now understands the limitations of this 
system. 

Complaint was made of the conservative action of 
Lloyds, the following instances being cited : 

(1) 4 Steel Stems were condemned by Navy Depart- 
ment within a month, which could have been satisfac- 
torily repaired by electric welding. 

(2) Holes were out of line in length of angle bar 
framing. Lloyds would not sanction the filling up of one 
set of holes by electric welding but suggested and passed 
the countersinking of angle frame holes and putting in 
plug rivets. 

It is apparent that this firm does not realize the ex- 
tent of electric welded work now approved by the Navy 
Dept. For instance: It was noted that staples for De- 
stroyers were being blacksmith welded although Mr. Mull 
said he would prefer to do this work electrically. 

Hull Construction: 

Mr. Mull has very strong views against the employ- 
ment of electric welding to join hull plates of a ship. He 
believes it would cost as much to prepare a ship for weld- 
ing as for riveting. It was his opinion that whereas plat- 
ing was the most complicated operation the riveting pre- 
sented no difficulties either as regards obtaining sufficient 
skilled riveters or the cost of this work. In support of 
this statement the following costs of driving rivets on the 
previous day were mentioned : 
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Pneumatic : 

7 Gangs 434 rivets a day 

2 Gangs 442 rivets a day 

3 Gangs 444 rivets a day 
10 Gangs 446 rivets a day 
51 Gangs 450 rivets a day 
17 Gangs 805 rivets a day 

Hand: 

5 Gangs 434 rivets a day 

1 Gang 442 rivets a day 

2 Gangs 444 rivets a day 
1 Gang 446 rivets a day 
1 Gang 450 rivets a day 

100 42,655 

Total wages paid for 42,655 rivets $1,312.66 

Average cost per rivet 3.1c 

Add 21 per cent bonus 3.75c 

The above figures refer to %" rivets, every hole being 
reamered and prepared to encourage a big drive. 



CHESTER SHIPBUILDING COMPANY (O) 

Visited : 

3-22-18. Accompanied by Mr. Stevens. 

Officials Interviewed : 

Wm. T. Bonner, Engr. Welded Ship Construction. 
L. T. Kniskern, Asst. General Manager. 
J. G. Dudley, Office Research and Experimental Dept. 
W. J. Jones, Office Research and Experimental Dept. 

Location : 

Shipyard at Chester near Philadelphia. 
Executive offices: Finance Bldg., Philadelphia. 

Methods of Construction : 

Stock Ships 85 per cent fabricated by American Bridge Co. 
Mine sweepers. All parts fabricated on site. 

Output : 

Present. Future 

Ou slips 5 months 4 months 

Fitting out 5 months 5 weeks 

Steam Turbines obtained from Westinghouse Company. 

Cargo Ships 8,800 tons, standard type. 

Tank Ships 10,500 tons. 

Mine sweepers 4 on order from Navy Dept. 
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Workers : 

2,200 men employed now. 
7,000 men shortly. 

Electric Welding : 

Arc system in extensive use with bare metal electrode. 
Equipments. 

(A) — 5 stationary machines to serve — 5 operators. 

(B) — 1 stationary machine at 60 volts — 6 operators. 

(C) — 1 portable machine at 60 volts — 1 operator. 

including carbon pile substitutional resistance. 

(A) — 3 Siemund-Wenzel E. W. Co. Single Arc Sets 
Oil Transformer Type Reactance. 

(A) — 2 Arc Welding M. Co. Single Arc Sets Carbon 
Pile Resistance. 

(H) — 1 Arc Welding M. Co. Six Arc Sets Carbon Pile 
Resistance. 

(C) — 1 General Electric Co. Single Arc Portable Set 
— C. I. Grid Resistance. 

Hull Construction: 

It was stated that a 60 ft. section of plating of an oil 
barge built at Newburgh was assembled under the direc- 
tion of Mr. Bonner, and that many tests of various types 
of plating jointures had been made to determine their 
relative value for ship construction. 

I inspected a full size section of the bilge portion of a 
10,500-ton cargo ship which has been completely welded 
by Mr. Bonner. No figures were submitted as to cost of 
electric welding this job, but I would expect very consid- 
erable saving would be effected by simplifying the design 
of parts to be joined, thereby reducing the number of 
welds necessary and also reducing the section of added 
metal. Moreover, such amendments would reduce the 
internal stress and increase the strength of the whole 
structure. 



NEW YORK CENTRAL RAILROAD 
WEST ALBANY SHOPS (P) 

Visited : 

3-25-18. Accompanied by Messrs. Hobart, Gilson, Weed 
and Muir. 

Location : 

Albany, N. Y. 
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Officials Interviewed : 

Mr. C. J. Holslag, Elect. Eng. 

General Manager and others. 
Workers : 

1,117 men. 

Output : 

Construction and Repair of Locomotives. 

Electric Welding : 

Arc system with bare and flux-covered metal electrodes. 
Equipment : 

6 Wilson machines (D. C.) 

1 Holslag Machine (A. C.) 

Comparative cost of electrode wire. 

Electrodes supplied by Quasi-Company 28c a lb. 

Bare rod supplied by Wilson Company 15c a lb. 

Bare rod supplied by Quasi-Company 28c a lb. 

Cast iron repairs have been successfully executed at 
this shop, but always with steel studs and reinforcing of 
parts prior to welding. Muir was very satisfied with the 
Arc obtained through the Holslag Machine with Quasi 
and bare metal electrodes. 



NEWPORT NEWS SHIPBUILDING AND DRY DOCK 

COMPANY (Q) 

Visited : 

3-27-18. Accompanied by Messrs. Adams, Stevens and 
Hobart. 

Location : 

Newport News, Va. 

Officials Interviewed : 

Mr. J. F. Nichols, Chief Engineer. 

Mr. H. I. Walsh, Welding Foreman. 

Mr. E. I. Cornbrooks, Supt. Hull Construction. 

General Remarks: 

Electric arc welding with bare metal electrodes has 
been extensively adopted at this yard and much good 
work has been done. 

Labor : 

Normal, 12,000 men. 

Now, 8,000 men. 

50 per cent is colored labor. 
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Output : 

7 slips 500 ft. long. 
3 drydocks. 

Additional (2 slips 850 ft. long) 
(2 slips 1000 ft. long) 
Work in process for Navy Department. 
2 Battleships 
2 Battle Cruisers 
31 Torpedo Destroyers 
Oil and cargo vessels constructed up to 15,000 tons. 

Electric Welding : 

2 General Electric 15 K. W. 200 Amp. Arc Welders. 

3 General Electric 18 K. W. 300 Amp. Arc Welders. 
1 C. & C. Type S. L. 600 Amp. Arc Welders. 

1 man on each 200 Amp. Machine. 

2 men on each 300 Amp. Machine. 

3 men on each 600 Amp. Machine. 

1 G. E. 75/75 volt 1250 Amp. Arc Welding Set on order, 

will work 6 welders on same. 
66 Davis Bournonville Cutting Torches No. 3000. 

2 Oxweld Shipyard Cutting Torches. 
2 Radiographs complete. 

7 D. B. Circular cutting hand torches. 
2 Mechanical Oxygen Hydrogen torches. 

1 Hand Oxygen Hydrogen torch. 

12 D. B. Style "C" Welding torches. 

4 D. B. Small Style "C" torches. 

2 D. B. Long Style "C" torches. 

1 D. B. Midget Welding Torch. 

10 Vulcan Welding Torches. 

2 Vulcan Welding Long Torches. 
112 225-cu. ft. Acetylene Tanks. 

2 300-lb. Acetylene Generators. 
1 200-lb. Acetylene Generator. 

11 Electrolytic Cells for making oxygen and hydrogen. 

Operators : 

Gas and electric welders. 

Total 125 including 11 experienced gas welders. 

9 experienced electric welders. 
Examples of electric welded work inspected : — 
Flanges joined to pipe stanchions. 
Drain pockets. 
In branch pipes, holes filled up. 

Seventeen German liners were repaired at their yard. 
Mr. Walsh said the attempts at electric welding of cast 
iron parts were unsuccessful except when studs were in- 
serted in C. I. parts to be laced to new steel parts. 
Acetylene welding with cast iron filling rod was success- 
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fully employed for these C. I. repairs with flux comprising 
carbonate of soda and ferrosilicate. 
Corroded Train Ferry Bottom Plating built up. 
Gridiron on stern post; broken part reinforced with new 
metal. 

Steam and air pipe lines in Yard and Power House elec- 
tric welded complete. 

Outboard Thrust Bearing of Torpedo Boat ; steel casting 
reinforced. 

Engine main shaft — reinforced at one bearing surface. 
Electric welding wire obtained from Messrs. J. A. Roeb- 
lings & Sons Company, Trenton, N. J. 
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Ozy-Acetylene Producing Plant: 

Oxygen-Electrolytic process 11 cells capacity. 

45 cu. ft. per cell per hr. i. e. 1,200 cu. ft. per 24 hrs. 

Compressors — 

Oxygen 1,800 pounds 

Hydrogen 600 pounds 

Acetylene 300 pounds 



NORFOLK NAVY YARD (R) 

Visited : 

3-28-18. Accompanied by Messrs. Adams, Stevens and 
Hobart. 

Location : 

Portsmouth, Va. 

Officials Interviewed : 

Naval Constructor Watt, U. S. Navy. 
Naval Constructor Knox, U. S. Navy. 

Workers : 

8,500 men. 

General Remarks: 

In addition to ordinary repair work usual at Navy 
Yards, a certain amount of building work is executed. At 
present, there are 3 drydocks in service. Turbines for 
Torpedo Boats, etc., are being assembled from parts par- 
tially obtained from outside firms. Large quantities of 
accessories such as seamen's mess tins, lockers, etc., also 
powder containers, paint drums and other sheet metal 
work is made at the Portsmouth Yard. 
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Electric Welding : 

Both spot and arc system of electric welding are in use. 

Plant Spot Welding Machines : 

1. By Thomson Electric Welding Co. 

(Lachman Patent) 

2. By National Electric Welder Co. 

Arc Welding Machines : 
1 Quasi Arc. 

1 C. & C. Machine with 4 panels. 

2 Wilson Machines with 4 panels. 

2 Wilson Machines with 2 panels (on order). 
4 Wilson Machines with 16 planelsf (on order). 
2 Welding Operators preferred C. & C. machines. 

Witnessed the welding of pipe (long seam) by same 
operator with Wilson & C. & C. equipment. Results ap- 
peared equal. With "Roebling" wire electrode best results 
seemed to be obtained with Wilson machine. 

Operator Screens : 

Glass (Noviweld No. 12) purchased from F. A. 
Hardy & Co., N. Y., made by Corning Glass Co., Corning, 
N. Y. 

Trimming of scrap from **Armco" American Rolling 
Mills Co.'s product used successfully as electrode when 
polarity reversed. 

Automatic Machine. 

Viewed Automatic machine for electric welding the 
circular seam of Mines. This machine has the following 
features. 

(1) Length of electrode regulated by small motor, 
field strength varied by length of arc. 

(2) Mine rotated by small motor — when arc breaks 
electrode rests on surface of mine and is raised to strike 
arc when starting again by solenoid. 

(3) Arc directed vertically on work by "blow out 
coil around top of arc." Arc keeps vertical, which is the 
easiest path due to lines of force set up by magnetic coil. 

(4) Side motion given to electrode if desired, by 
hand. 

Naval Constructor Knox said that with the Auto- 
matic Welding Machines the circ. seam of mines would be 
welded in 15 minutes instead of 60 minutes as taken by his 
operators now. Spot welding is used to join galvanized 
powder .containers and fix high carbon steel tips to tool 
shanks. 
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Oxy-acetylene Producing Plant: 

Oxygen produced by Electrolytic Process — 50 Davis 
Bournonville cells. 

Accumulators for Oxygen and Hydrogen compressed 
to 150 lbs. for use in shops — supply through pipe main 
around shops — Pressure Acetylene Generator, 15 lbs. for 
supply to shops in pipe main. Cyliilders for isolated use. 

(1) Oxygen and Hydrogen 1,800 lbs. 

(2) Acetylene 225 lbs. 

Arrangement of Compressors. 

(1) Oxygen 300 pounds 

(2) Hydrogen 

(3) Oxygen 1,800 pounds 

(4) Hydrogen 

(5) Acetylene 225 pounds 



NEW YORK SHIPBUILDING CORPORATION (S) 

Visited : 

4-3-18. Accompanied by Mr. H. M. Hobart. 

Location : 

Near Philadelphia. 

Officials Interviewed : 

M. A. Neeland, President. 

H. A. Magoun, Vice-President. 

N. deTaube, Vice-President. 

W. G. Groesbeck, Asst. to President. 

A. Parker, Electrical Engr. 

General Remarks: 

This yard has been in existence about 19 years, pri- 
marily for ship building by the template system. The 
equipment is excellent, the slipways are entirely covered 
in and fitted with overhead travelers. The Battleship 
"Idaho" which was built here is now being fitted out. 
(Displacement 32,000 tons, 624 ft. x 100 ft. Twelve 14" 
guns — Launched June, 1917.) 

Workers : 

9,500 men. 

Method of Ship Construction: 

Fabrication on site. Complete bulkheads assembled 
in yards are lifted into position by overhead cranes. 
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Building Slips: 

3 slips — 60(y long 
1 slip — 69(y 

1 slip — 8(xy 

2 slips— 1000' " Those over 600 feet not yet completed. 

Output : 

1917—100,000 tons 
1918—120,000 tons (estimated) 

Electric Welding : 

Spot welding is now employed in the manufacture of 
ventilating trunks, etc. A trial has been made to spot 
weld watertight doors with arc welding at edge seam, 
(spot welded bars failed at 20 pounds pressure). 

Arc Welding: 

With bare metal electrode used mainly for repair of de- 
fective castings. Equipment 1 Machine 50KW (DC). 
Arrangements were made to send Muir to give demonstra- 
tion with flux-covered metal arc system. 



HOG ISLAND SHIPYARD 

of the 
AMERICAN INTERNATIONAL SHIPBUILDING 

CORPORATION (T) 

Visited : 

4-4-18. Accompanied by H. M. Hobart. 
Location : 

Near Philadelphia. 

Officials Interviewed : 

Mr. J. H. Manning, Assistant to 

Mr. G. O. Muhlfeld, Vice Pres. 

Mr. J. H. Anderton, Electrical Engineer 

P. B. Streander, Asst. Progress Depart. 

T. E. Valtfort, Progress Engineer 

A. L. Snyder, Executive Department 

-General Remarks: 

This is a wonderful example of efficient organization. 
The layout was started six (6) months ago. Already 
eight (8) keels have been laid and speedy construction 
will result on delivery of fabricated steel parts. A full 
description is attached. The system of charts showing 

60 



Report Number Three 

the various stages of completion of work was most inter- 
esting. 

Labor : 

15,000 men now 
32,000 men later. 

liilethod of Ship Construction: 

Fabricated parts will be delivered from 47 steel mills. 
Shops have been erected for the carrying out of necessary 
alterations. 

Output: 

50 ships (1918) 
Contracts placed for 

(a) 110-7,500-ton standard vessels. 
Speed, 11 knots ; power, 2500 HP 

(b) 70-8,000-ton standard vessels 
Speed, 15 knots; power 6000 HP 

Electric Welding : 

Spot welding. 2 portable and 2 stationary machines have 
been ordered to join heavy ship-plates. 

Arc Welding : 

Several equipments by different makers have been 
ordered. It is intended to organize a school for electric 
welding operators at this yard. Mr. MacNary will ar- 
range for the instruction of men required by this and 
other concerns engaged on work for the Emergency 
Fleet Corporation. In the first instance, it is proposed to 
weld fabricated parts, fittings and non-structural work. 



THE NATIONAL MALLEABLE CASTINGS CO. (U) 
Report of Visits to Works at Sharon and Cleveland 

Visited : 

9-4-18. Accompanied by Prof. Adams. 

Officials Interviewed : 

^/' h'r ^ ^^^^^ I Vice Presidents 
Mr. W. G. KranzJ 

Mr. C. W. Hotchkiss, Manager Cleveland Plant 

Mr. C. K. Brooks, Manager Research Department 

Mr. R. W. Ewing, Engineer 

Mr. J. H. Redhead, Manager Sales Department 

Mr. J. B. Kitteredge, Manager Sharon Plant 

Mr. W. B. Caldwell, Engineer 
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FORD MOTOR COMPANY (V) 

Visited : 

4-10-18. Accompanied by Messrs. Adams, Stevens and 

Rigby. 

Location : 

Woodward Avenue, Highland Park, Detroit, Mich. 



♦ f 



Labor : 

30,000 men 
Three shifts (1) 20,000 

(2) 6,000 

(3) 4,000 , / " . 

Officials Interviewed:. 

Mr. W. S. Knudson^ Superintendent Construction 
Mr. W. S. Mayo,. Chief Engineer / . 
Mr. F. Allison, Electrical Engineer r - ; 

General Remarks: 

In addition to manufacturing motor cars, ambulances 
and army service vans, the firm is engaged on various 
munition parts. The development of the submarine 
chaser is interesting, as it is expected to turn these out at 
the rate of one per day. A new factory is being erected 
for the assembly of these boats from parts made to gauge 
and template on model vessel at the car shops. A de- 
scription of the new shipbuilding shops is attached. 

Method of Ship Construction : 

The entire design and construction of the submarine 
chasers is revolutionary. There is an absence of "lines" 
so that flat plates are largely employed. In fact there 
are only four (4) patterns of bent plates and these are 
pressed cold to the correct shape in machines. Frames, 
etc., all Qf special design^ are made up, of channel pieces 
formed to shapes from plate pieces. 

Output — Automobiles: 
Normal, 3,000 a day 
At present, 1,500 a day 

Submarine Chasers: 

Estimated 1 boat a day. 

Electric Welding : 

Spot welding has been tried in car factory with un- 
satisfactory results. Arc welding has not been employed 
until recently when two "Wilson" and one "General Elec- 
tric" machines were purchased. I offered Muir's services 
to demonstrate bare metal and flux-covered electrode arc 
welding. It was decided to obtain one Quasi Arc equip- 
ment. 
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THE ELECTRIC WELDING COMMITTEE OF 
THE EMERGENCY FLEET CORPORATION 

A — List of members. 

Minutes of first meeting 
B — Minutes of second meeting 
C — Minutes of third meeting 

D — Recommendations by Naval Constructor Knox 
E — Proposed electric welded construction of 5,00(>-ton 

standard ship by Messrs. Ewertz and Knox 
F — Captain Caldwell's Report to Welding Committee on: 

(1) Propaganda in Britain 

(2) Training of welding operators 

(3) Preparation of work for welding 
G — Circular letter sent to shipyards 

H — Circular letter sent to manufacturers of welding ap- 
paratus. 
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SECTION A 



MEMBERS OF WELDING COMMITTEE (3-21-18.) 

C. A. Adams, Chairman, 33 West 39th Street, New York 
City, Room 716. 

A. J. Mason, 1319 F Street, N. W., Washington, D. C. 
E. E. MacNary, 136 South 16th Street, Philadelphia, Pa. 
E. A. Stevens, Jr., 33 West 39th Street, New York City, 
Room 716. 

D. B. Rushmore, General Electric Company, Schenectady, 
N. Y. 

H. M. Hobart, General Electric Company, Schenectady, 
N. Y. 

W. L. Merrill, General Electric Company, Schenectady, 
N. Y. • . 

Captain James Caldwell, R. E., British War Mission, 681 
Fifth Avenue, New York City. 

Maurice Lachman, 30 East 42d Street, New York City. 

Elihu Thomson, General Electric Company, West Lynn, 
Mass. 

Eric Ewertz, Bethlehem S. B. Corporation, Quincy, Mass. 

J. G. Dudley, Chester S. B. Corporation, Finance Build- 
ing, Philadelphia, Pa. 

W. T. Bonner, Chester S. B. Corporation, Finance Build- 
ing, Philadelphia, Pa. 

H. A. Hornor, Hamilton Court, Philadelphia. 

Clark Henderson, Submarine Boat Corporation, Newark, 
N.J. 

Captain O. W. Koester, U. S. N., Bureau Steam Engineer- 
ing, Washington, D. C. 

Naval Constructor S. M. Henry, U. S. N., Bureau Con- 
struction and Repair, Washington, D. C. 

Naval Constructor H. G. Knox, U. S. N., Navy Yard, Nor- 
folk, Va. 
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MINUTES OF FIRST MEETING OF ELECTRIC 

WELDING COMMITTEE 

The first official meeting of the Electric Welding Com- 
mittee of the Emergency Fleet Corporation was held at the 
headquarters of the American Institute of Electrical Engineers, 
New York, on Saturday, March 23d, 1918, at 9.30 A. M. 

Chairman C. A. Adams called the meeting to order at 
9.45 A. M. 

Present : 

Professor C. A. Adams, Chairman. 

Captain James Caldwell (Admiralty, London). 

Messrs. E. H. Ewertz (Bethlehem Shipbuilding Corp.) 

C. T. Henderson (Submarine Boat Corp.). 

Edmund J. Henke (Thomson Electric Welding 
Co.). 

Henry M. Hobart (General Electric Company). 

H. A. Homor, Philadelphia, Pa. 

Walter J. Jones (Chester Shipbuilding Co.). 

H. G. Knox (U. S. Navy). 

O. W. Koester (U. S. Navy). 

M. Lachman (Universal Electric Welding Co.). 

E. E. MacNary (Emergency Fleet Corp.). 

Arthur J. Mason (Emergency Fleet Corp.). 

W. L. Merrill (General Electric Co.). 

Henry C. E. Meyer (American Bureau of Ship- 
ping). 

Wolcott Remington (Thomson Electric Weld- 
ing Co.). 

David B. Rushmore (General Electric Co.). 

Geo. G. Sharp (American Bureau of Shipping). 

E. A. Stevens, Jr. (Emergency Fleet Corpora- 
tion). 

H. J. Cox (Lloyds Register of Shipping). 

Chairman Adams addressed the meeting explaining how 
the present question of electric welding has been taken up by 
the Standards Committee of the A. I. E. E. as a good and 
economical means of replacing riveting in certain parts of 
shipbuilding. Also that when Mr. Hobart was sent over to 
London to a conference with the Standards Committee, 
he was requested as a member of the Committee on Electric 
Welding to see what was being done on the other side in the 
electric welding field and to tell them what we were doing. 
As a result of that mission, Mr. Hobart got in contact with 
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the British Admiralty, and Captain Caldwell was allowed to 
come over here on behalf of the Fleet Corporation to tell us 
what they had been doing and to co-operate with us in any 
possible way in the advancement of this application. 

The chairman further stated that on the 21st of Februaryi 
1918, after a number of conferences with the Fleet Corpora- 
tion representatives, a small committee was appointed by the 
Fleet Corporation as follows: C. A. Adams, chairman, Mr. 
E. A. Stevens, Jr., and Mr. A. J. Mason, both of the Emergency 
Fleet Corporation, and Mr. D. B. Rushmore as a nucleus, with 
the request that that committee expand in such a way as to 
take in all of the interests involved. 

Chairman Adams read a letter from Mr. D. H. Cox, 
Manager of steel ship construction of the Emergency Fleet 
Corporation, stating that the Emergency Fleet Corporation 
was depending upon this committee to use all possible efforts 
in forwarding the work. 

Chairman Adams asked Captain Caldwell to address the 
meeting and briefly outline the work which the British Ad- 
miralty has done in the field of electric welding. 

Captain Caldwell stated that since the war broke out the 
demand for gas for oxyacetylene welding was so great that 
electric arc welding was taken up as a substitute, with the 
result that it was found in most cases superior to the oxy- 
acetylene welding. He cited many applications of electric 
welding such as mines, bombs and other munitions, steel tires, 
wheels, etc., auxiliary bulges (or blisters) on battleships and 
cruisers for protection against torpedoes; frames, floorplating, 
etc., of small vessels, and in one case, of a barge completely 
welded. Captain Caldwell had much valuable data which he 
gathered on his trips to various shipbuilding yards both here 
and in England, which will be submitted to the members of 
the committee. 

Chairman Adams called attention to the fact that the 
Committee on Electric Welding had opened an office in the 
Engineering Societies Building, Room 716, where all in- 
formation regarding activities in electric welding could be 
found. 

Chairman asked Mr. Mason, of Emergency Fleet Corpora- 
tion, to address the meeting. 

Mr. Mason explained how much time would be saved by 
electric welding on ships and this system of riveting and 
thereupon drew on the blackboard a midship section, explain- 
ing the time saved over that required for assembling the parts 
together by riveting. Mr. Mason thought that with material 
on hand and the system of electric welding used, it ought to 
be possible to assemble the frame of a ship in three weeks. 
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The chairman asked Constructor Knox to address the 
meeting, who outlined his idea^ of the work which the com- 
mittee should take up. 

Captain Koester was then asked by Chairman Adams to 
give a brief outline of the work done by him in the Navy 
Department. He stated that on the German ships taken over 
by the Navy he found breakages on all cast iron parts. Many 
of these breaks, he stated, have been repaired by electric weld- 
ing and the ships have made three or four voyages, without 
complaint. 

Mr. Merrill, upon request by Chairman Adams, outlined 
the experiments carried on by the General Electric Company 
on the successful spot-welding of plates up to 1". This was 
followed by discussion between the members. 

Mr. Rushmore stated that the object of the committee is 
to build more ships in the shortest time by the proper use of 
electric welding. He said arc welding and spot welding can 
be done satisfactorily, but that no one should be allowed to 
weld American ships who is not a good welder and working 
under an inspector who is properly certified and approved. 
Mr. Rushmore thought that the subject of immediate and 
careful thought should be the program to be followed by the 
committee — what is needed in the way of equipment, manufac- 
turing facilities, etc. 

This led to the question of a Program Committee, and 
Chairman Adams selected the following members to form this 
committee to present to the Electric Welding Committee a 
program at the earliest. possible moment: Messrs. Rushmore 
(chairman), Knox, Stevens, Ewertz, Sharp, Caldwell, Ho- 
bart, Lachman, Hornor, Cox, of Lloyds, and C. A. Adams, 
ex-officio. 

The above Program Committee was authorized to send 
out a report to all members of the committee, which is to be 
returned with comments. 

Mr. Rusrhmore offered the suggestion that only men in 
the uniform of the Army or Navy be permitted to be welders. 

Captain Koester suggested that a committee be sent 
around to the various shipvards doing government work now. 
to go over the situation and see what can be done to speed up 
welding. Whereupon Chairman Adams appointed Mr. Stev- 
ens, chairman, Captain Caldwell and Mr. Hobart, to report 
on the conditions found in the shipyards visited, at the next 
meeting. 

Meeting adjourned at 1.35. 

Respectfully submitted, 

C. A. ADAMS, Chairman. 
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SECTION B 

MINUTES OF SECOND MEETING OF ELECTRIC 

WELDING COMMITTEE 



The second meeting of the Electric Welding Committee 
of the Emergency Fleet Corporation was held at the head- 
quarters of the American Institute of Electrical Engineers, 
New York, on Saturday, March 30th, at 9.30 A. M. 

Chairman C. A. Adams called the meeting to order at 
9.45 A. M. 
Present : 

E. E. MacNary 

E. A. Stevens, Jr. 

D. B. Rushmore . 

M. Lachman 

W. Remington 

W. J. Jones 

W. T. Bonner 

H. A. Hornor 

C. Henderson 

Captain Jessups, U. S. N. 
S. M. Henry, U. S. N. 
H. G. Knox, U. S. N. 
H. C. Meyer 
H. J. Cox 

D. H. Wilson, Jr. 
J. A. Osborn 

D. C. Alexander 

E. J. Rigby 

Minutes of previous meeting were not ready for reading. 

Chairman Adams passed around a copy of Captain Cald- 
well's document. (See Section F.) 

Mr. Rushmore read a list, submitted by Mr. Stevens, of 
parts of a vessel which could be electrically welded, this list 
being approved by the Classification Societies. (See Report 
No. 13.) 

Mr. Rushmore then read a letter from Mr. Knox contain- 
ing the interesting program which he had prepared and involv- 
ing also the sub-committees to which the various parts of the 
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program could be assigned. After much discussion this letter 
was revised somewhat and a copy of letter as it now stands, is 
given in Section D. Recommendations made by Messrs. 
Ewertz and Knox for the construction of standardized ships 
such as one of the ships now being built at the Submarine Boat 
Corporation are given in Section E. 

The Chairman then called attention to resolutions passed 
at the different district meetings of the Emergency Fleet Cor- 
poration held at New York, Boston, Philadelphia and Balti- 
more recommending that a 5,000-ton electrically welded ship 
be built and that the Emergency Fleet Corporation be urged 
to order the shipyards now building ships to apply electric 
welding methods wherever it is possible to do so ; it was also 
resolved to urge the training of electric welders. 

The Chairman then read a list of electrical welding com- 
panies which have been called upon for assistance ; these were 
as follows: 

General Electric Company 

C. & C. Electric Company 

Lincoln Electric Company 

Westinghouse Electric Company 

Burke Electric Company 

Wilson Welding & Metals Company 

Quasi-Arc Weldtrode Company 

Siemund-Wenzel Electric Welding Machine Co. 

Chairman Adams then appointed sub-committees to serve 
as follows : 

Executive Committee. 

C. A. Adams, Chairman 
E. A. Stevens, Jr. 

H. G. Knox 

D. B. Rushmore 

Approval of Tests Committee. 

E. A. Stevens, Chairman 
H. J. Cox 

H. C. Meyer 
H. G. Knox 
S. M. Henry 

Ship Design Committee. 

E. Ewertz, Chairman 

H. G. Knox 

E. A. Stevens, Jr. 
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C. Henderson 
H. Lachman 
H. A. Hornor 

D. H. Wilson, Jr. 
W. T. Bonner 

Classification Society representatives 

Equipment and Power Supply Committee. 
W. L. Merrill, Chairman 
H. A. Hornor 
D. H. Wilson, Jr. 

D. C. Alexander, Jr. 
O. A. Kenyon 

Research Conmiittee 

H. M. Hobart, Chairman 
J. H. Nelson 
H. G. Knox 
W. J. Jones 

Training Committee. 

E. E. MacNary 

(Mr. MacNary was called upon to select his own com- 
mittee.) 

Committee to Visit Shipyards. 

E. A. Stevens, Jr., Chairman 
Captain J. Caldwell 
H. M. Hobart 

Program Committee. 

D. B. Rushmore, Chairman 
H. G. Knox 

G. G. Sharpe 

H. M. Hobart. 

H. A. Hornor 

C. A. Adams, ex-officio 

E. A. Stevens, Jr. 
E. Ewertz 

J. Caldwell 
M. Lachman 
H. J. Cox 
Mr. Henderson proposed the following resolution: 
Resolved, that the committee urge the immediate authori- 
zation of the construction of a 5,0(X)-ton electrically welded 
ship, this ship to be constructed for the purpose of demonstrat- 
ing the practicability of such procedure and determining the 
economic possibilities of such construction. 

After much discussion this was seconded and approved 
by all with the exception of Naval Instructor Henry. 
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Then Mr. Bonner proposed the following resolution: 

Resolved, that this committee recommend to the Emer- 
gency Fleet Corporation the appointment of a Board of Design 
consisting of one representative each from Lloyds and the 
American Bureau of Shipping, two Shipping Board Engineers, 
two Naval Constructors, two Naval Architects, two structural 
steel engineers, and two experienced welding designers, in 
addition to our chairman, ex-officio, this board to proceed at 
once with the preparation of general and detail drawings for a 
S,000-ton all welded cargo ship to be adopted as standard for 
use by all of the yards engaged in the construction of ships for 
the Emergency Fleet Corporation and U. S. Shipping Board. 

Mr. Henderson made a motion that this be laid on the 
table until next meeting. 

This motion was seconded and accepted by all. 

Mr. Henderson made a motion that the meeting adjourn. 
This was seconded and accepted. 

Meeting adjourned at 2.30 P. M. 

Respectfully submitted, 

C. A. ADAMS, Chairman. 
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SECTION C 
MINUTES OF THIRD MEETING OF ELECTRIC 

WELDING COMMITTEE 



The third meeting of the Electric Welding Committee of 
the Emergency Fleet Corporation was held at the headquarters 
of the American Institute of Electrical Engineers, New York, 
on Monday, April 8, 1918, at 9.30 A. M. 

Chairman C. A. Adams called the meeting to order at 
9.45 A. M. 
Present : 

Captain James Caldwell 

Messrs. E. E. MacNary 

E. A. Stevens, Jr. 

D. B. Rushmore 
H. M. Hobart 
W. L. Merrill 
W. Remington 

E. Ewertz 
W. J. Jones 
W. T. Bonner 
H. A. Hornor 

C. Henderson 
H. J. Cox 

D. H. Wilson, Jr. 

D. C. Alexander 

E. J. Rigby 

J. H. Anderton 
By Invitation : 
Charles Wirt 
C. K. West 

The minutes of the first two meetings were accepted as 
read. 

The first matter brought up for attention by Chairman 
Adams was the selection of the committee to visit shipyards 
as he explained that due to Captain Caldwell's early return, 
he thought it advisable to enlarge the present committee. He 
stated that the duties of this committee would be to keep in 
touch with the shipyards throughout the country and to give 
them every assistance possible in order to push the work in 
the shipyards as far as allowed by the Classification Societies. 
The chairman thought that one man, preferably a resident of 
each district, would be responsible to the district officer in that 
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district as well as to this committee, and who would keep in 
touch with both the district office and this committee should 
be appointed as a member. 

Discussion followed as to the proper chairman for this 
sub-committee. 

Mr. Rushmore then suggested that the matter of this ap- 
pointment be left to the chairman of the Electric Welding 
Committee. This was seconded by Mr. Henderson and ac- 
cepted by all. 

The next matter brought. up for discussion was Mr. Hen- 
derson's resolution r-egarding an entirely electrically welded 
ship. 

In regard to this resolution, Chairman Adams stated that 
he had been able to see Admiral Bowles and Mr. Cox, and that 
they both recommended that the question of building an en- 
tirely electrically welded ship be held up until the Design 
Committee has had time to present definite recommendations. 
Mr. Cox also stated that it would be very desirable in this con- 
nection to co-operate with Mr. Prior, who is head of the Tech- 
nical Committee of the Emergency Fleet Corporation on the 
design end. Mr. Prior's name was added to the Ship Design 
Committee. 

Mr. Bonner offered his patented design of an electrically 
welded ship to the committee for its use. Mr. Rushmore made 
a motion that the committee accept with thanks Mr. Bonner's 
design. This was seconded and accepted. • 

Chairman Adams then called for reports of work done by 
the sub-committees. 

Executive Committee, C. A. Adams, Chairman. 

Chairman Adams reported that in addition to the infor- 
mation sent to committee members, letters were sent to ship- 
builders and electric welding concerns for their co-operation 
and assuring them of the committee's assistance. This letter 
is reproduced in Section H. 

Approval of Tests Committee, E. A. Stevens, Chairman. 

Mr. Stevens reported that a list of the parts which the 
Classification Societies have approved was made up and that 
same would be added to from time to time. 

Chairman Adams asked this committee to outline such 
tests as would convince the Classification Societies as to the 
suitability of electric welding in other parts of the ship than 
those already approved. 

Equipment and Power Committee, W. I. Merrill, Chairman. 

Mr. Merrill read two letters drafted by him to be sent out, 
one to the shipyards and the other to manufacturers asking for 
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information. These letters were submitted to the members of 
his committee for their approval before they were sent out. 

Research Committee, H. M. Hobart, Chairman. 

Mr. Hobart said that a large amount of work had been 
done by the members of his committee but that one member 
was not aware of what the- other had been doing. Therefore, 
he would like all members of his committee to submit reports 
of their work so that they could be compiled and submitted to 
all the members, as well as to the shipyards, manufacturers 
and the Navy Department. Captain Caldwell said he expected 
to have his report finished by the end of this week. 

Mr. Hobart asked to have some changes made in the out- 
line of his work as incorporated in the minutes of the second 
meeting as follows : Leave out No. 8, and allow this work to 
be carried on by Mr. Lachman. Chairman Adams advised that 
Mr. Lachman was already doing this work. Regarding 
"Safety,", he would like to have Mr. MacNary's co-operation 
in this part of the work. 

Training Committee, E. E. MacNary, Chairman. 

Mr. MacNary reported that the General Electric Company 
had already set up facilities for training arc welders and the 
Quasi Arc Weltrode Co. was doing the same and that equip- 
ment had been ordered to be set up at Hog Island for 40 men 
to«be trained at a time. He said the great need now was for a 
propaganda to the shipyards in order that they will send men 
to be trained. 

Mr. Bonner told of the plans of his company for training 
welders as outlined in his letter to Chairman Adams. 

Motion was then made to call a meeting of the Committee 
on Ship Design for Sunday, April 14th, at 9 A. M., in Mr. 
Prior's office of the Emergency Fleet Corporation, Room 841, 
Munsey Bldg., Washington, D. C. This motion was seconded 
and approved by all. 

It was then agreed that the date of the meeting of the 
Electric Welding Committee would not be set until after the 
meeting of the sub-committee on Ship Design. 

Meeting adjourned at 12.40. 

Respectfully submitted, 

C. A. ADAMS, Chairman. 
E. A. STEVENS," Jr., Secretary. 
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SECTION D 



RECOMMENDATIONS BY NAVAL CONSTRUCTOR 

KNOX. 

Mr. David B. Rushmore, 

American Institute of Electrical Engineers, 
29 West 39th Street, New York City. 
Dear Sir : — 

Pursuant to your wishes at the last session of the Pro- 
gram Committee of the main Welding Committee, I beg to 
submit the following suggestions which are also concurred in 
by Mr. Ewertz. 

The sole object of the committee is, by the introduction of 
electrical and mechanical devices not now generally used in 
shipbuilding, to increase the rapidity of merchant and warship 
construction and to utilize as far as possible the services of 
labor not now employed in the fabrication of ships or other 
war accessories. 

It must be borne in mind, however, at the outset that a 
committee composed of members having other paramount 
duties cannot, in any case, produce the desired results, and the 
immediate employment of experts in the various activities is 
essential. 

The means to be employed are primarily by the introduc- 
tion of electric arc and spOt welding to ship fabrication by 

(a) Authorizing immediately the application of such 
welding to many parts of ships now under way or designed. 

(b) The design with a view of early construction, of a 
merchant ship and destroyer in which welding is to be em- 
ployed throughout in lieu of riveting, wherever safe and eco- 
nomical in speed, cost, weight. 

(c) The very extensive substitution of welding for rivet- 
ing in one or more standardized merchant ships and warships 
as a working demonstration of the utility of the process, and 
as development for future design. 

(d) The providing of men and equipment for carrying 
out the foregoing. 

(e) The immediate research into the practical applica- 
tion of ship welding including the tabulation of existing data 
and the amplification of tests, also the development of instruc- 
tions for welders and specifications for machines and acces- 
sorie*' 
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In order to best execute the program above proposed, I 
suggest the division of the Main Committee into sub-commit- 
tees as follows: (I hesitate to suggest the membership of 
committees but am indicating in some cases present assign- 
ments). 

1. Executive Committee — Messrs. Adams, Rushmore, 
Stevens and Knox. 

To be in effect the Committee on Welding with authority 
to act for the Main Committee and in whom is vested all execu- 
tive authority with full power to recommend to the Fleet Cor- 
poration and, in whatever degree is granted, to be the sole 
Fleet Corporation executive authority on the entire subject of 
ship welding. 

The one executive committee should be backed by five 
staff sub-committees for technical information but without 
executive authority as follows : 

2. Ship Design — Messrs. Ewertz, Knox, Stevens, etc. 

(a) The general adaptation of spot and arc welding to 
ships' structures and all matters of ship design and fabrication 
incident thereto. 

(b) The immediate publication for the benefit of ship- 
builders, and, with the approval of marine classification soci- 
eties, of those portions of a ship's structure to which welding 
may be applied without further investigation. 

(c) The recommendation in detail of the application of 
arc and spot welding to at least one standardized merchant 
ship and one warship so that these vessels may be immediately 
built as demonstrations of the process and in order to further 
develop the design of completely welded ships. 

(d) The design of a merchant vessel and warship along 
present standardized lines, structurally modified, where safe 
and economical, for welding throughout. 

(e) Co-operation with the other sub-committees in the 
modification of welding practice to ship needs and the develop- 
ment of special equipment and devices for ship construction. 

3. Equipment and Power Supply — Messrs. Merrill, Hor- 
nor, etc. 

(a) A general survey of existing welding equipment, 
both arc and resistance in shipyards with the view to ascertain- 
ing the amount available, in service or on order. 

(b) The study of how much such equipment is available 
in other non-essential industries. 

(c) Investigation of producers to see the sources avail- 
able and capacities of manufacturers for making welding 
equipment, both machines and accessories. 
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(d) A study into the probable needs for equipment to 
keep pace with the development of the technique now and in 
the future, also the commandeering (through the Executive 
Committee) or reassignment of all equipment. 

(e) A study of the electric power generating facilities 
at shipyards as to generator capacity for future development, 
transformer and line capacity where power is bought — also 
capacity of central plants from which purchased. 

(f) Portable leads — Specifications and Standardization. 

4. Training and Personnel — Mr. MacNary. 

(a) Establishment, after investigation, of standard in- 
struction methods at all plants. 

(b) Introduction and instruction of classes of labor not 
now used in military necessities, particularly women. 

(c) A study of present and future demands for welders 
and ways and means of recruiting, etc. 

(d) The construction of special training schools for 
welders. 

5. Research — Messrs. Hobart, Nelson, etc. 

(a) Development of standard nomenclature for arc and 
spot welds of all types of equipment used in welding. Rating 
of spot welders. 

(b) The classification and tabulation for practical refer- 
ence of all available existing data on the strength and other 
properties of welded joints in structural steel. 

(c) The institution of additional tests found necessary 
or as requested by sub-committee on design. This study for 
example should include the test of welds made under identical 
conditions changing only one variable. 

Among many other problems the following at once sug- 
gest themselves for arc welding alone : 

(1) Best make of machine or principle of control. 

(2) Chemical properties of electrode. 

(3) Coating for electrodes. 

(4) Best bare vs. best coated electrodes. 

(5) Coated electrode A. C. vs. D. C. 

(6) Flat, vertical (up and down) horizontal, and over- 
head welds. 

(7) Effects of wind, rain, etc., on strength of weld. 

(8) Proper values of current, voltage, electrode size, etc., 
for different weights of plates and diflFerent types of weld. 

(9) Necessary current regulation and voltage character- 
istics leading to the simplest welding equipment suitable for 
ship welding. 

(10) Similar tests on spot welded joints and welding 
machines. 

(d) From the above suggested tests the compilation of 
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working rules for derig^ers and operators, also the develop- 
ment of the simplest possible machines and the standardiza- 
tion of specifications for welding wire, bare and coated, etc., 
etc. 

(e) The determination of average speeds of welding 
under favorable conditions with different weights of plate, 
sizes of elejctrode wire, position of work,. etc. These data to 
be used in determining the proficiency of welders, estimates of 
costs, piece work rates, etc. 

(f) Tests on strength of welds under repeated stresses, 
resistance to corrosion, etc., also the determination as far as 
experimentally possible of how poor an arc weld can be made 
between steel plates under the limitations that the machine is 
good, the electrode good, the electrical conditions correct for 
the work in hand, the speed reasonable and that the weld 
passes visual inspection. 

(g) Safety. The study and standardization of eye pro- 
tection shields, gloves, aprons, screens, etc. The U. S. Em- 
ployees Compensation Committee has already devoted much 
time to this subject. 

(h) The study and development of automatic seam 
welding machines, arc and resistance, the development of 
holding-on magnets, etc. 

6. Publicity. 

The dissemination, as directed by the Executive Commit- 
tee, by letter and bulletin (public or confidential) to ship- 
builders and others, such information as may become available, 
together with all rules, design points welding records, which 
may tend to broaden information or stimulate greater produc- 
tion. 

(Signed) H. G. KNOX. 
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SECTION i£ 



RECOMMENDATIONS BY MESSRS. EWERTZ AND 
KNOX FOR THE CONSTRUCTION OF STANDARD- 
IZED SHIPS SUCH AS ONE OF THE SHIPS NOW 
BEING BUILT AT THE SUBMARINE BOAT 
CORPORATION. (5,000 tons.) 

At the second meeting of the Electric Welding Commit- 
tee, Messrs. Ewertz and Kjiox submitted the following pro- 
posal : 

It is believed that a ship built on the transverse principle 
is more adaptable at the outset to welding than one of the 
Isherwood ships on the longitudinal principle. With this in 
view, the following recommendations are submitted for the 
construction immediately of one standardized Merchant Ship 
as follows : 

1. Omit all staples. 

2. Weld decks to shell omitting all cement, etc. Notch 
inner channel flanges where cut by decks and weld. 

3. Butt weld seams and butts of vertical shell (above 
turn of bilge) eliminating all laps, liners, joggling, straps, etc. 
Rivet plates to frames. 

4. Butt weld seams and butts of deck, etc., as for shell. 

5. Spot or arc weld brackets to one member (beam or 
frame) in shop, and arc weld to other member in ship. 

6. Spot weld floor plates to frames and reverse frames in 
shop, also clips. 

7. Spot or arc weld cargo batten clips and other similar 
fittings. 

8. Weld all deck erections, smoke pipes, uptakes, venti- 
lators, ducts, coamings for hatches and manholes, door frames, 
separately built tanks, lockers and racks and all miscellaneous 
non-strength members. 

9. Masts, booms, shaft and pipe tunnels, and similar 
cylindrical work, now in two pieces, strapped, to be welded 
throughout omitting straps. Cast steel fittings should be 
welded to plates. 

10. Recommend the use of welding for all oil tanks even 
in conjunction with riveting. 

11. Swash plates may be tack welded to decks and bulk- 
heads and flanges omitted. 

12.^ Flanges on all steel pipe and tubing to be welded. 
Stanchions, stanchion heads and heels, pipe railing, etc. 
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SECTION F 



CAPTAIN CALDWELL'S REPORT TO WELDING 

COMMITTEE ON: 

(1) Propaganda in Britain. 

(2) Training of Welding Operators. 

(3) Preparation of Work for Welding. 



REPORT TO ELECTRIC WELDING COMMITTEE. 
EMERGENCY FLEET CORPORATION. 

March 25, 1918. 

As desired at your meeting on the 23rd inst., I submit the 
following brief outline of the means adopted to extend the use 
of electric welding in Britain with particulars relative to the 
system of training operators for application of the arc process. 



(1) PROPAGANDA IN BRITAIN 

Introduction. 

During 1917 special action was necessary by the British 
Admiralty to provide adequate supplies of oxygen and carbide 
for welding and cutting. 

In July I was instructed to investigate other available 
methods of welding with a view to easing the existing condi- 
tion by substitution of oxy-acetylene. 

Formation of Committee. 

Subsequently an oxy-acetylene committee was formed to 
regulate the supply of carbide and oxygen and develop the ex- 
ten^on of other methods of welding. This Interdepartmental 
Committee was representative of all existing Government De- 
partments and comprised two executive sections with duties 
as under : 
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1. Carbide Section — to arrange for the importation, pro- 
duction, allocation and distribution of carbide. 

2. Oxygen and Electric Welding Section — to deal with 
the production and allocation of oxygen — also of mat- 
ters appertaining to electric welding and cutting. 

Powers Vested in the Committee. 

Orders were published by the Admiralty and Ministry of 
Munitions under the Defence of the Realm Act which empow- 
ered the committee to take over the control of carbide and 
oxygen, these executive sections being operated by an officer 
attached to the Government Department most dependent upon 
adequate supplies of materials. 

Due to the fact that Admiralty requirements for oxygen 
were fully 60 per cent in excess of the aggregate of other de- 
mands it was realized that the welding situation was most 
vital, especially as considerable supplies were necessary for* 
cutting shipplates, etc. 

Procedure of Electric Welding Section. 

Descriptive information and comparative data relative to 
the use of the electric arc for welding and cutting purposes 
was prepared and arrangements were made for these particu- 
lars being distributed amongst firms engaged on welding 
work. 

As regards cutting it is of interest that successful results 
were obtained at Admiralty Dockyards and elsewhere where 
it was found that with the carbon arc even though the opera- 
tion of electric cutting or melting took a longer time to per- 
form than with the gas blow-pipe the cost was in many cases 
appreciably less. 

Firms were encouraged to advise the section when electric 
welding equipments and accessories were ordered for manu- 
facturers, and assistance was given to obtain for them a high 
degree of priority to hasten delivery. 

A staff of five officers (Area Superintendents) and twenty- 
four demonstrators was appointed to promote economy in gas 
welding and advocate electric welding wherever possible. 
These men required to be trained in the first instance, and to 
accomplish this they were divided into five groups, each of 
which attended at the works of selected firms where different 
systems using carbon, bare-metal and flux-covered electrodes 
were in successful service. 

After two weeks' practical work with the several firms the 
groups were "changed over" until each received a general un- 
derstanding of the several processes and the different methods 
of applications. During this period of instruction lectures 
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were given to the officers and men. Within two months these 
operators constituted a mobile gang of trained demonstrators 
who have since proved themselves very efficient and useful in 
the instructing of local labor at many factories, shipyards?, etc., 
in the successful application of electric welding throughout the 
country. 

The g"eneral procedure was to place one man at the dis- 
posal of each firm adopting electric welding for the first time, 
the intention being that he would remain there for two or 
three weeks when he was able to impart a vast amount of 
welding experience and up-to-date practice, besides as^milat- 
ing new ideas himself and in this way attaining the best results 
for the successful extension of the process. 

In considering the applications for such services it was 
decided to concentrate on providing a nucleus of skilled elec- 
tric welders at the works engaged primarily in the manufac- 
ture of mines, bombs and other munitions. Thereafter similar 
assistance was given to the Naval Dockyards and firms en- 
gaged in shipbuilding and repair. Applications for the service 
of these skilled electric welding operators were continually 
received not only from the above quarters but also from the 
Government Departments interested in the output of the sev- 
eral firms. 

The Area Superintendents were continually investigating 
the welding requirements in their respective districts and the 
section was then informed as to the places where electric weld- 
ing could be most satisfactorily utilized. 

Information of successful applications and developments 
of electric welding with data of tests and detail construction 
methods was distributed by the section which has always en- 
deavored to keep in touch with the latest welding practice. 

As the successful developments in electric welding be- 
came known as a result of the efforts df the section relative 
information on the subject was constantly applied for by the 
Government Departments and manufacturing firms. Each of 
these inquiries received careful attention and if considered 
advisable an officer visited the firm to advise as to the methods 
most suitable for the particular kind of work to be done and 
if desired helped in the selection of apparatus and discussed 
methods of electric power supply and distribution. 

It may be mentioned that when advocating electric weld- 
ing the importance of obtaining skilled operators was always 
emphasized whether they were required for repetition work 
where a sufficient degree of skill can be acquired in two or 
three weeks, or for a variety of repetition processes, and in the 
execution of repair work, these latter undertakings demanding 
an efficient tradesman's experience and judgment as well as 
an operator's skill. 
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(2) TRAINING OF WELDING OPERATORS 

Instruction of Welders. 

Until a few years ago electric arc welding was carried out 
by welding companies who generally confined themselves to 
the execution of repairs with a highly trained staff of 
operators. 

The more general application of the system for use in the 
factory makes it necessary to devote considerable attention to 
the standardization of the methods of application and the 
training of workmen. Formerly every welder was more or 
less working out his own salvation as circumstances would 
allow which has lead to variation in the quality of the work 
depending on the nature of the plant and the skill of the 
operator. 

Plant. 

It frequently happens that welders reach a high degree 
of skill with the plant at their disposal but meet with failure 
in certain work owing to its inadequacy. As the plant to them 
represents the process of electric welding, electric welding 
standi condemned, where under proper conditions it would 
have shown to advantage. 

Need for Scientific Training of Operators. 

Clearly there is room here for scientific training. Electric 
welding is both a science and an art ; the art is easily acquired 
as far as simple routine work is concerned, but the scientific 
side requires careful study. To begin with the unskilled 
worlgnan or girl to be trained as a welder should be taught 
how to burn-down an electrode steadily and, as a rule, becomes 
proficient in about four days. Some simple welding operation 
is now selected and this stage of the training is complete. This 
obviously does not make an electric welder but it shows how 
easy it is for one to acquire the art of manipulating the elec- 
trode. 

Technical Knowledge Essential. 

The complete welder should make himself familiar with 
the elements of electricity, how it is generated, conducted and 
regulated — also know the melting points of the different irons 
and steels, and the changes which they undergo in the arc. He 
must also study expansion and contraction, and the prepara- 
tion of the material to be welded. He should also be familiar 
with the changes which take place in the mechanical proper- 
ties of the metal in and near the weld, and as a welder he 
should be expert in all the methods of depositing metal under 
varying conditions such as are met in actual practice. Fur- 
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ther he must know the exact current required for the different 
thicknesses of metal and the various sizes of electrodes with 
most suitable constituents of metal and slag covering. 

Training Routine — General Remarks. 

In the absence of any co-ordinated course of instruction 
in electric welding, the duty of providing the necessary in- 
struction falls in unexpected places, and it not infrequently 
happens that the tuition provided is of the "Watch me do it" 
variety. This is quite good if the operator is expert, but it 
only touches the fringe of the subject. 

Everything is new to a beginner and everything must 
therefore be explained. To begin with one might deal with 
the properties of electricity ; and explain how it is this energy 
which is transformed by the arc into heat thus becomes avail- 
able for welding. Before reaching the arc it is usual for the 
current to pass through a regulating resistance adjacent to 
the operator, where an ammeter is also fixed. The exact quan- 
tity of current used is indicated on the ammeter and this 
should be checked occasionally during the course of the work 
as the resistance heats up during use when less current passes, 
necessitating occasional adjustment in order to ensure the use 
of the correct amount of current Depending on the source 
of electricity supply, instruction will necessarily vary. It is 
important to limit the amount of current to prevent the de- 
posited metal being crystalline. The methods of making con- 
tact with the work should next be studied, always keeping in 
mind that loose contacts mean bad work. When the end of 
the negative wire is stranded, the strands should be carefully 
flattened out and clamped firmly to the work so that every part 
of the strand makes contact. If a loose contact is made the 
current must pass through a few strands and the resistance 
thus created prevents the use of proper current. When small 
parts are being welded care should be taken to secure good 
contact by clamping them together. 

Stage 1. 

The beginner may now commence the art of welding. 
Some little time may be devoted to watching a good welder 
operating. He should then be provided with a pair of pliers 
and a pencil, and set to practicing the correct movements 
on paper. This paper record will clearly indicate when prac- 
tice may be commenced with a real electrode. While prac- 
ticing, a welding screen should be held in the free hand so that 
the manipulation of the screen may also be learned. The op- 
portunity should also be taken to emphasize the use of the 
welding screen on all occasions and under no circumstances to 
allow the arc light to enter the eyes. The learner is now 
ready to manipulate a real electrode. Show him exactly how 
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to proceed by placing an electrode in the holder, adjusting 
the resistance and closing the switch, then burn down a little 
of the electrode and tell him to take the reading on the 
ammeter. If he does this correctly, give hfm the electrode 
holder and get him to strike up the arc, steadying his hand 
meanwhile and running down a little metal each time. As he 
acquires the touch he needs less assistance and once Parted 
will manage to burn down the electrode by himself. 

Stage 2. 

The next step is to deposit a continuous layer of metal 
which on cleaning up will show a regular deposition. This 
done, he takes up the study of straight seam welding on thin 
plate — say — Ko. 8 gauge. The plate is cut in strips about 2" 
wide and these are welded together. The first few runs are 
done on the flat bench, separating the plates about 1/10", tack- 
ing at the bottom and commencing the weld at the top of 
the seam. This is repeated until a regular seam about J4" 
wide can be made. The plates are now raised so that the line 
of the weld is unsupported and the above experiment repeated 
until a weld showing complete penetration can be made. The 
best of these welds should be examined carefully and after- 
wards broken. Concave depressions where the arc has broken 
indicate bad metal beneath, and crystalline patches in the 
fracture indicate where too long an arc has been used. The 
presence of blowholes indicates the use of excessive current or 
the fusion of too much metal at that part. 

Blowholes are the bugbear of all conscientious welders 
and are not by any means confined to electrical welds. They 
are obviously due to the formation of gas when the metal is 
near to its melting point. The principal constituent of this 
gas is probably carbon Monoxide formed by the union of the 
Carbon of the Steel with occluded or chemical combined 
Oxygen. These bubbles of gas tend to rise and so form pipes 
in the weld. Such blowholes may be quite numerous and then 
seriously impair the strength of the weld. Unfortunately the 
appearance of such welds at the surface does not indicate the 
presence of blowholes beneath, and for this reason welders 
should make frequent test pieces to assure themselves that 
they can realize the correct conditions associated with the 
deposition of sound metal. 

Stage 3. 

The beginner should next study the welding of plates 
closely butted together. Here he will produce an apparently 
good weld, which however, breaks easily under shock. The 
explanation here is that the apparent butt weld is due to the 
fusion of the oxide of iron formed by the excessive heating 
and all strength is at the surface. Experiments may now be 
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extended to thicker plate. Thicknesses above j4" are Veed 
right to the bottom. This is very important as otherwise the 
weld will not go right through. One-quarter-inch is also the 
limit for welding in one layer, the amount to be added in sub- 
sequent layers being the reciprocal of the gauge of the elec- 
trode in inches, e.g., a No. 4 electrode will build up J4" at a 
time. This rule only applies to mild steel electrodes. In 
welding thick plates great care would be taken to ensure the 
complete fusion at the bottom and sides of each added layer, 
and it is further necessary to avoid large pools of metal if 
blowholes are to be avoided. 

Stage 4. 

Some knowledge should now have been obtained by the 
instructor as to the general standard of proficiency that the 
individual srtudent is capable of and it will, therefore, be pos- 
sible to classify the welder as one or other of the following : 

(A) — Proficient. 

(B)— Skilled. 

(C) — Superior. 

(D) — V^ery Superior. 

Each of these groups should be delegated to perform a 
certain class of welding, according to their skill and ability so 
that they may become expert in such work. It is suggested 
that in addition to differentiating between those sufficiently 
skilled to tack or apply the first or second layers of added 
metal in repetition work, the welders should become special- 
ists in one or other of the following operations : 

1 . — Flat-welding, 
(a) downward, 
fb) upward. 

2. — Horizontal welding. 

3. — Vertical welding. 

The above recommendations will generally apply to any 
form of electric arc welding but they particularly refer to the 
use of systems employing metal rod electrodes covered with 
a flux coating. 



(3) PREPARATION OF WORK FOR WELDING 

There are a few general rules for preparing work for 
welding, and a good many special applications of those rules. 

The surfaces to be welded, i. e., which have to be united to 
each other or to added welding metal must be clean, free from 
scale, rust and any other foreign matter. Freshly cut or filed 
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surfaces, cut or filed without lubricant are the ideal. The 
skin of castings or the scale of forged or rolled material must 
be removed. In the case of electric butt welding the opposed 
surfaces should be fitted so that there will be uniffirm contact 
over the whole area. 

The effect of expansion and contraction must be consid- 
ered and allowed for. If contraction takes place across the 
line of weld the welding metal which is the hottest and weak- 
est part is likely to pull asundor. This is particularly impor- 
tant in repair work where the parts to be united form part of a 
rigid structure. To avoid this, preheating of the work may 
be necessary, so that the expansion due to the welding heat is 
equalized by general heating of the whole structure. This 
precaution is the more necessary with increased thickness and 
length of the weld, which involve greater heating of the adja- 
cent parts. It is of greater importance with gas welding than 
electric welding, becauses the heating is more diffused and a 
greater extent of metal is heated by the blowpipe flame than 
by the more localized electric heating. In extremely heavy 
work preheating may Jbe advantageously carried to a fairly 
high temperature, economizing in the consumption of the 
welding gas points can be worked out experimentally and pro- 
vided for in preparing the material and arranging the appar- 
atus and operations, leaving as little as possible to the judg- 
ment of operator. 

In repair work every job varies, improvised arrangements 
and fixtures are unavoidable, and experience and judgment 
are indispensable. The cleaning of work that has to be re- 
paired in situ is not always easy. A pneumatic sand blast 
apparatus is a useful adjunct to portable welding plants for 
such work, and is applicable to cleaning large work gener- 
ally. Where parts have to be repaired to exact dimensions, 
e. g., in welding a broken crank shaft to correct journal centres 
the parts should be fixed to gauge marks with a proper allow- 
ance for contraction during cooling, and be free to contract 
after welding without putting stress across the weld. The 
allowance to be made is necessarily more a question of judg- 
ment than of calculation. 

Fixing of the parts to be united so that there shall be no 
relative movement during the process is very important. In 
doing this the possibility of the parts springing from the eflPect 
of the heat expansion has to be considered and provided 
for. This again is of special importance in repair work where 
it is important that broken parts shall be restored to their 
exact former position, or at least be near enough to permit of 
rectification by tooling. In addition to fixing support should 
be provided along the line of weld, especially in thin work, as 
the heated metal is weak and may fall away or buckle by its 
own weight and by expansion without it. The support for 
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such thin work should be fairly massive, to conduct the heat 
from the work, and reduce the liability to melt holes in it. 

In the case of long welds the edges to be united should 
not be quitfi parallel but splayed open slightly from the begin- 
ning of the weld. The expansion of the first welded part will 
close up the opening as the welding advances. Otherwise the 
edges towards the end will butt or overlap before the seam is 
finished. 

In all but the thinnest work the edges should be cham- 
fered or bevelled, forming a V open at the top. In very thick 
work, which has to be welded from both sides, the chamfer- 
ing should be done on both sides, so that the two welds meet 
in the centre of the thickness. 

In very thin sheet the opposing edges may be turned up 
at right angles, or the edges may be lapped one over the other. 
In overlapping thick plates, such as boiler lap joints, the 
"landing edge" must be chamfered off, as it is difficult to weld 
into the right angle formed by the square cut edge of a thick 
plate. 
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SECTION G 



CIRCULAR LETTER FROM THE "EQUIPMENT AND 

POWER" SUB-COMMITTEE OF THE ELECTRIC 

WELDING COMMITTEE TO ALL SHIP- 

YARDS. 

New York, April, 1918. 
Gentlemen : 

The above named committee has been entrusted with 
the task of pushing the application of electric welding to ship- 
building wherever it proves economical of time, labor and 
material and as far as it is permitted by the Classification So- 
ciety. A list of parts approved for electric welding by the 
Classification Societies is enclosed herewith. It is our belief 
and the experience of those shipbuilders who have adopted this 
method of construction that it will mean a very considerable 
saving in time, labor and material. 

Will you kindly send us at your early convenience a 
statement as to the extent to which you are now employing 
either electric or gas welding methods, together with the type, 
size and number of equipment in use and on order ; also as to 
the number of equipment necessary to further apply this 
method to all of those approved parts given on the enclosed 
list. 

We will send you shortly copies of various reports and 
test data relating to this subject, including a full report of 
work in this field which has been carried out by the British 
Admiralty and Lloyds Register of Shipping in Great Britain. 

Several shipbuilding yards in this country have already 
carried out electric welding work to a considerable extent and 
they have found it eminently successful. 

The ultimate aim of the committee is to save time in the 
building of ships and thus to forward the shipbuilding pro- 
gram. In addition to stimulating interest among the ship- 
builders, we are starting schools for arc welders and aiding 
those already established. We are also preparing to conduct 
additional tests to convince the responsible authorities of the 
suitability of this application on other portions of the ship 
than those where it is now allowed by the Classification So- 
cieties. 

In addition to the work in this line which might be re- 
ferred to as laboratory tests, preparations are being made for 
the construction of a 50-foot section of a standard 9,600-ton 
merchant ship at the Federal Shipbuilding Corporation, Port 
of Newark. This demonstration is in charge of Mr. Arthur J. 

89 



Report Number Four 

Mason, of the Emergency Fleet Corporation. The present 
plan is to tack the plates together with a large portable spot 
welder and to arc weld all seams. When completed, this sec- 
tion will be sealed up at the ends and tested under hydraulic 
pressure. 

This experiment is intended not only to demonstrate the 
practicability of this method of construction, but also to de- 
velop methods of handling the plates preparatory to welding 
and order of assembly adapted thereto. 

Following this demonstration a committee on design has 
been appointed for the purpose of preparing a design of a 
standard ship so modified as to adapt it most readily to electric 
welding methods, and so modified as to bring about the great- 
est saving of material as well as time. 

Progress in all of these activities will be reported to you 
at frequent intervals and the committee stands ready to give 
you any assistance within its power. 

A committee, is also making an inventory of the available 
production capacity of electric welding apparatus in this 
country, as it is likely that this capacity will be in full demand. 

In case your corporation has more than one plant, will 
you kindly see that a copy of this letter is transmitted to the 
proper authority in each plant? 

A prompt reply will be appreciated. 

Very truly yours, 

C. A. ADAMS, Chairman, 

E. A. STEVENS, Secretary. 
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SECTION H 



CIRCULAR LETTER SENT TO MANUFACTURERS OF 
ELECTRIC WELDING APPARATUS. 

New York, April, 1918. 
Gentlemen : 

The above named committee was appointed by the Emer- 
gency Fleet Corporation to do all in their power to hasten the 
shipbuilding program by the introduction of electric welding 
methods wherever such introduction promises the saving of 
time. 

A study of the conditions in most of our large shipyards 
shows that there is in nearly every case considerable room for 
the extension of electric welding without exceeding the lim- 
itations imposed by the Classification Societies (Lloyds and 
the American Bureau of Shipping). 

In order to extend this application as rapidly as possible 
we are seeking the co-operation of all bodies interested in 
this field of activity. Will you, therefore, kindly send us at 
your earliest convenience all information at your disposal 
under the following headings: 

(1) Description of, together with any comments you may 

wish to make on, the particular methods and apparatus 
which you employ or manufacture. 

(2) All available data concerning the cost of this apparatus 

including the cost of electrodes. 

(3) Data concerning the power required and the probable 

speed in feet per hour when welding a full strength 
fillet along the seam of overlapping yi'^ plates ; ditto 
for y^" and ^" plates. 

(4) Any information you may have as to the best type of 

welded joints for the shell plating of a ship. 

(5) Any test data (with full information as to the type of 

weld, drawings or photographs if possible) in regard 
to the strength and other qualities of welded joints. In 
this connection it is particularly desirable to get all the 
information available as to the effect of vibration or 
alternating stresses upon such joints. 

(6) A description of the various kinds of work to which you 

have successfullv applied electric welding, particularly . 
in connection with shipbuilding. 

(7) A full statement of the successes and failures in such ap- 

plication with explanation of the failures when possible. 

(8) Anv other informition which will throw light on the sub- 

ject pt bnnrl. 
We realize that this is a^^king a good deal of your time and 
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that it may involve revealing what you may consider inside 
information, but we feel that the emergency warrants the 
cordial co-operation of every one that can render any assist- 
ance. We also wish to assure you that this information will 
be used only in our common interest. 

It is our hope and expectation that electric welding 
methods will be rapidly extended beyond those parts of the 
ship now approved by the Classification Societies. A list of 
these approved parts is herewith enclosed. 

Very sincerely yours, 

C. A. ADAMS, Chairman. 



92 



Report No. 5 



DESCRIPTION OF THE EWERTZ TYPE 
OF ELECTRIC WELDED SHIP 

This invention relates to an improved vessel of the type 
known as "barge," the object of the invention being to pro- 
vide a vessel of large carrying capacity and made of channeled 
or flanged steel, which can be manufactured at a compara- 
tively small cost and in a comparatively short time, the outer 
shell of the vessel being formed of metal channel or flanged 
plates, preferably steel, extending from the bow to the stern 
of the vessel and with the flanges on the channels projecting 
inwardly, said channel plates constituting a complete water- 
tight shell, the same being electrically welded together. 

In addition thereto the invention contemplates reinforcing 
and strengthening said channel plate shell by means of longi- 
tudinally extending keelsons on the bottom of the vessel and 
by means of longitudinally extending side stringers on the 
opposite sides of the vessel, and furthermore, said vessel is 
strengthened by means of transversely extending floor plates 
on the bottom of said vessel and vertically disposed plates 
extending transversely of said shell plates on the opposite 
sides of said vessel. All of the plates referred to are prefer- 
ably flanged. The deck is also formed of channel plates 
strengthened by transversely extending flanged web plates. 
Flanged brackets are also interposed where desirable to lend 
strength to the structure. 

It will be understood that the hull of the vessel is con- 
structed entirely of flanged metal plates electrically welded to- 
gether so that in the completed structure the plates are prac- 
tically integral with each other, and by this construction a very 
strong and light vessel is obtained at a comparatively small 
expense. The flanged plates are formed of sheet metal rolled 
out in a manner well known to those skilled in this art. Great 
quantities of the plates can be produced in a short time and 
with absolute accuracy. 

While the vessel of my invention is particularly adapted 
to that type of vessels known as "barges," I do not wish to 
be understood as limiting my invention to any particular type 
of vessel, as the same may be used in the construction of other 
types of vessels than barges with equally desirable results. 
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The invention consists of a vessel formed as hereinafter 
described and particularly as set forth in the claims. 

Referring to the drawings (see end of report) : 

Fig. 1 is a side elevation of a vessel constructed in ac- 
cordance with my invention. 

Fig. 2 is a somewhat diagrammatic plan view of the same, 
the masts, booms and rigging being omitted. 

Fig. 3 is an enlarged sectional elevation taken on line 3-3 
of Fig. 1. 

Fig. 4 is a sectional elevation taken on line 4-4 of Fig. 3. 

Fig. 5 is a sectional elevation taken on line 5-5, Fig. 3. 

Fig. 6 is a sectional plan taken on line 6-6, Fig. 3. 

Fig. 7 is a detail section on line 7-7 of Fig. 3, and illus- 
trates the construction of a joint between the shell and web 
frame at this point, the same construction of joints being ap- 
plicable to joints between web frames and stringers, floor 
plates and keelsons, web plates to hatch coaming and bulwarks 
to braclcets and the like. 

Fig. 8 is a detail section taken at line 8-8, Fig. 5, and 
illustrates the construction of joint between flanged shell 
plates and keelsons and between stringers and shell plates. 

Fig. 9 is a detail section taken at line 9-9, Fig. 5, and 
illustrates the construction of joint between flanged plates, 
such, for example, as the shell plates. 

Fig. 10 is a detail section taken on line 10-10, Fig. 3, and 
illustrates the construction of joint between stringers and 
web frames and the floor plates and keelsons. 

Fig. 11 is a detail section taken at line 11-11, Fig. 1, and 
illustrates the construction at the stern to form a space for the 
rudder. 

Fig. 12 is a detail section illustrating a modified form of 
joint for the shell plating at the deck, stringers and keelsons, 
being a modified form of the joint illustrated in Fig. 8. 

Fig. 13 is a transverse section of one of the masts taken 
on line 13-13, Fig. 2. 

Fig. 14 is a detail section illustrating a modified form of 
joint for the shell plating at the deck, stringers and keelsons. 

Fig. 15 is a transverse section illustrating a modified form 
of joint and shell plates. 

Fig. 16 is a detail section taken on line 16-16, Fig. 4, illus- 
trating the joint between the adjacent ends of two shell plates. 
Fig. 17 is a sectional elevation taken on line 17-17, Fig. 1. 
Fig. 18 is a sectional elevation taken on line 18-18, Fig. 17. 
Fig. 19 is a section plan taken on line 19-19, Fig. 17. 

Like numerals refer to like parts throughout the several 
views of the drawings. 

In the drawings, the outer shell 15 of the vessel consists 
of a plurality of channel plates 16, the flanges 16' on said plates 
extending inwardly and being fastened securely together to 
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make water-tight joints by electric welding. The channel 
plates which extend along the sides and bottom of the vessel 
each con^sts of one continuous piece extending from the bow 
to the stern of the vessel. Each of these channel plates is, in 
the completed structure, a continuous piece, although they are 
each made from a plurality of sections of channel plate with 
their ends butted and electrically welded together, and the 
word "continuous" throughout the specification and claims, 
where it applies to shell plates, keelsons, side stringers and 
deck plates, is used in this sense, viz. : that the piece is con- 
tinuous although formed of a plurality of pieces welded to- 
gether. 

In Fig. 16 is illustrated two sections of a channel plate 
16 with their butted ends electrically welded together at /3. 

A continuous flanged keelson 17 extends from the bow to 
the stern of the vessel and projects between the flanges of 
two adjacent channel plates 16 to which it is electrically 
welded in a manner illustrated in Figs. 3 and 8. This keelson 
is also formed of a plurality of flanged metal plates with their 
ends butted and welded together to form one continuous keel- 
son. The keels'on 17 has a horizontal flange 18 along its 
upper edge and is still further strengthened by an angle plate 

19 which is welded thereto. 

Similar continuous keelson plates 20 are provided at each 
side of the vessel and between the continuous keelsons 17 and 

20 are provided intercostal keelsons 21. Each of sraid keelsons 
has a flange extending along its upper edge and is interposed, 
at its lower edge portion, between the flanges of adjacent 
channel shell plates. 

In order to still further strengthen the bottom of the 
vessel, floor plates 22 are provided which extend transversely 
of the keelsons and are electrically welded along their lower 
edges to the channel plates 16 and at their ends are also 
welded to the keelsons where they abut against or intersect 
the same. The floor plates 22 have a horizontal flange 23 
thereon. 

Each side of the vessel is strengthened by means of a 
continuous side stringer 24 and intercostal side stringers 25. 
Said side stringers are provided with flanges along their inner 
edges and their outer edge portions project between flanges 
on adjacent shell flanged plates 16 and are electrically welded 
thereto, as illustrated in Figs. 3 and 8. 

The sides of the vessel are still further strengthened by 
means of flanged web frames 26 and 27. The web frames are 
welded along their edges to the channel shell plates and are 
also welded at their ends to the side stringers. 

The deck is formed by a plurality of continuous channel 
metal plates 28, the flanges on said deck plates extending 
downwardly and being welded together. The deck is strength- 
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ened by means of web plates 29 which are welded along their 
upper edges to the inner faces of the channel deck plates. 
Said web plates 29 are also welded at one end to the flanged 
side web frames 26 and at the opposite end to a channel plate 
30 which extends above the deck to form a coaming 31. The 
coaming has a flat bar 32 welded to the inner face thereof 
adjacent its upper edge to support the hatch. Where the 
coaming does not occur, the web plates which support the 
deck extend entirely across from one side of the deck to the 
other and are welded at their ends to the flanged side web 
frames 26. 

The web plates 28 and flanged web frames 26 are further 
strengthened and joined together by means of flanged brackets 
33, which are welded to said web plates and web frames along 
their meeting edges. 

The bulwarks 34 are also formed of channel plates ex- 
tending the full length of the vessel from the bow to the stern 
thereof and are strengthened laterally by means of flanged 
bulwark brackets 35, which are welded to the bulwark plates 
and to the deck plates where they abut against the same.^ 

The manner of welding the edge of the web frame 27 to 
the shell plate 16 is illustrated in detail in Fig. 7, in which 36 
is the welded joint. This particular construction of joint is 
to be employed between the shell plates 16 and web frames 
26, 27 and also where the web frames 26, 27 are welded to the 
stringers 24, 25 and the floor plates 22 to the keelsons 17, 20, 
21, and the web plates 29 to the hatch coamings 31, the bul- 
warks 34 to the brackets 35 and in any joint where the edge of 
one plate abuts against the face of another plate. 

In Fig. 8 is illustrated in detail the form of joint em- 
ployed between the flanged shell plates 16 and the side 
stringers 24, 25, and also between the shell plates 16 and the 
keelsons 17, 20 and 21, or in any joint where it is desired to 
join together flanged shell plates with another plate interposed 
between the flanges of said shell plates. 

As illustrated in Fig. 8 a hole 37 is provided which ex- 
tends through the flanges of the shell plates 16 and through 
the stringer 25. This hole is to provide means for temporarily 
fastening the plates 16 and stringer 25 together prior to the 
welding operation. These holes can be plugged and welded 
subsequently to the joint welding operation where a water- 
tight joint is required. The shell plates 16 and the stringer 25 
are welded together at 38 and 39, as illustrated in Fig. 8. 

The construction of joint between the flanged plates, such 
as two of the shell plates 16, is illustrated in Fig. 9, in which 
the welded joints are illustrated in Fig. 9, in which the welded 
joints are illustrated at 40 and 41. For temporarily fastening 
the plates together prior to the welding operation, the flanges 
of the plates 16 are provided with holes 42 through which a 
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bolt may be passed to temporarily join the flanges of the shell 
plates together during the welding operation. 

In Fig. 10 is illustrated the construction of welded joint 
43, where the end of a floor plate 22 isf welded to one side of a 
keelson 20 and the edge of a web frame 27 is welded to the 
opposite side of said keelson. This construction of joint can 
be employed wherever the edges of two plates abut against 
the opposite faces of another plate interposed between such 
edges. 

In Fig. 11 the construction at the srtern is illustrated in 
which one of the channel plates 16 is welded at 44 and 45 to 
the upper face of a shelf plate 46 and another channel plate 
16 is welded at 47 and .48 to the under face of said shelf plate 
46. These channel plates and the shelf plate are also pro- 
vided with holes 49 and 50, whereby the channel shell plates 
and the shelf plate may be temporarily attached to each other 
prior to the welding operation by means of bolts, the bolts 
after the welding operation being removed and the holes 49 
and 50 being plugged and welded in order to insure water- 
tight construction. 

It will be seen that the channel shell plates above the 
shelf plate 46 extend outwardly beyond the channel shell 
plates beneath the shelf plate 46 at the stern of the vessel to 
provide a space 51, Figs. 1 and 11, to receive the rudder 52, 
which is pivotally mounted at 53 upon a frame 66 fastened be- 
tween the shell plates 16 where they are brought together at 
the stem of the boat and said rudder is operated by mechanism 
well known to those skilled in this art. 

Instead of the shell plates 16 having flanges 16' at the top 
and bottom edges thereof, said shell plates may be con- 
rtructed with a flange at the bottom edge thereof only, as 
illustrated in Fig. 12, in which the shell plate 54 has an in- 
wardly extending flange 55 at the bottom thereof and the 
shell plate 54' has no flange at its upper edge. An intercostal 
side stringer 56 is interposed between the adjacent edges of 
the shell plates 54 and 54' and said stringer and plates are 
welded together at 57, as seen in Fig. 12, and the flange 55 is 
welded to the stringer 56 at 58, this being a modified con- 
struction of the form of welded joint illustrated in Fig. 8. 

Another modified construction is illustrated in Fig. 14 in 
which the shell plate 67 has no flange at the bottom edge 
thereof. The shell plate 68 has a flange 69 at the top thereof 
and a side stringer 70 is interposed between the lower edge of 
the shell plate 67 and the flange 69 of the plate 68, the parts 
being electrically welded together at the joints 71 and 72. 

In Fig. 15 a modified construction of joint between two 
adjacent flanged shell plates is illustrated in which the shell 
plate 74 has a flange 75 along its lower edge and the upper 
edge of the shell plate 76 has no flange thereon. The adjacent 
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upper and lower edges of the shell plates 74 and 76 are shown 
as electrically welded together at the joint 77, 

The vessel is preferably subdivided into compartments by 
a plurality of bulkheads 78. The construction of said bulk- 
heads is illustrated in Figs. 17, 18 and 19. Each of the bulk- 
heads consists of a plurality of flanged plates 79, 80, 81, 82 
and 83 on each side of the keelson 17, said bulkheads extend- 
ing entirely across the vessel and being welded to the shell 
plates 16 of the vessel, and also to the channel plates forming 
the outer shell of the vessel. 

The bulkheads are stiffened laterally thereof by hori- 
zontal flanged plates 85 and 86 which extend horizontally 
across the bulkhead in alignment with the side stringers 24 
and 25, respectively. Said stifleners are welded to the vertic- 
ally extending plates 79, 80, 81, 82 and 83 and at their ends are 
welded to the side stringers 24 and 25. It will be understood 
further that the bulkhead plates are welded to the keelsons, 
where they abut against the same and to the angle plate 19. 

The flanges 84 on the plates forming the bulkheads ex- 
tend vertically and are welded together. The bulkhead plates 
79 are slotted to receive the keelsons 17, 21 and 20 and the 
flanges extending along the upper edges of said keelsons are 
cut away or slotted to allow the keelsons to enter the slits in 
the bulkhead plates. The flanges on the side stringers 24 and 
25 are also cut to allow the bulkhead plates to pass thereon, 
said bulkhead plates being slotted to receive the side stringers. 
The horizontal flange on the angle plate 19 is also slotted 
where it intersects the bulkhead plates. The upper ends of 
the bulkhead plates are welded to the under faces of the deck 
plates 28. 

The bulkhead plates are each preferably made of a plural- 
ity of flanged plates, their ends butted together and welded. 

It will be seen that the bulkheads being welded to the 
bottom and side shell plates and to the deck plates of the 
vessel, and each bulkhead extending from side to side of the 
vessel, not only divide the vessel into compartments, but also 
greatly strengthen the same laterally. 

The vessel is provided with masts 59 and booms 60, said 
masts and booms being preferably constructed as illustrated 
in Figs. 1 and 13, viz. : by two pieces of flanged plates ^ and 
62, which are welded together at 63. Said masts and booms 
are still further strengthened by means of flat iron braces 64 
which are welded at their ends at 65 to the flanged plates 61 
and 62. 

The different parts of the vessel hereinbefore described 
may be welded together either by a continuous welding joint 
or they may be welded together in spots, the welded spots 
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m 

being about three inches apart. The preferred method of 
welding the parts together is that well known to those skilled 
in the art as "arc" welding. 

In building the vessel hereinbefore described, the keel- 
sons 17, 21 and 20, the channel plates 16 and the floor plates 
22 are first bolted together and tied with ribbands extending 
longitudinally of the keelsons in a manner well known to those 
skilled in this art. The side web frames 27 and 26 and side 
stringers 24, 25 are next assembled, being joined together by 
bolts, and the shell plates temporarily affixed thereto by bolts. 
The different joints are welded together, as hereinbefore de-. 
scribed, on the bottom and sides of the vessel, the final work 
being, so far as the hull is concerned, to assemble the web 
plates 29, the deck plates 28 and the channel plates 30 form- 
ing the coaming, all of these latter being temporarily bolted 
together and then welded as hereinbefore described. 

In the foregoing specification the preferred construction 
has been described, but it is evident that without departing 
from the spirit of my invention the flanged shell plates may 
have their flanges bolted together, or to the stringers 24, 25 
and keelsons 17, 20 and 21. In such case, however, the flanged 
plates 16 and the flanged keelsons and side stringers would be 
made in continuous pieces from a plurality of pieces by butting 
the ends together and electrically welding the same as here- 
inbefore described. 

It will be seen from the foregoing specification that a 
watertight outer shell for a vessel is formed by a plurality of 
flanged sheet metal plates welded together, each of said sheet 
metal plates, preferably extending from the bow to the stern 
of tTie vessel, and that said watertight outer shell is strength- 
ened laterally by means of keelsons along the bottom of the 
vessel, by means of plates extending transversely to said keel- 
sons and side stringers, the whole being welded together to 
form a vessel of flanged sheet metal members practically in- 
tegral with each other. 

Furthermore, the bulkheads being forme^d of plates welded 
together and being welded around their edges to the flanged 
shell plates forming the sides and bottom of the vessel and 
to the deck plates, side stringers and keelsons form water- 
tight compartments, so that any damage to the hull of the 
vessel, whereby a hole is made through the shell into one of 
the compartments, would leave the other compartments intact. 



99 



Report Number Five 








5 



35 



■^ 



^ 



t^. 



X 



^ 



V 






cvj 






? 



. 




100 



Report Number Five 



7i 



v«> 




















M 














































i5. 






^ 


-JJ 


"F 


^- 






^ 


t- 


OS 


t[t 














101 



Report Number Five 






% 






H W*<1 » ■ »»%» » % WWfti Wl* <<»IWW% % *»» W ( I 






Ci 






^ 



id 



yi ii —»* *■ w uh 'W '.v ^ V B 1 




' . ' WtSHI';titH"-".i''J%M |i i^*» m J Via » »!i9» *tti fA /t/ t % 



^ 



^ 



^ 



lA 



.J. 



M- JUk W if* rf» ** r*tAViiii\Vik Vi WA*Ai a *fmi% -»C-*%»M l«#fW* -i H-i*it§»/tm'M VtMkt§ t Uh H 



* % h l » rfl i» ll«W i ^f » '^W ft^a^Wi ij* 1 IH J«J t^^ ^W yt^' »>*<ftS W ft%V J .' IW iV%i% ^ r.'' i VL jt ' >.V- ¥S .W. > . % ViHil 






im*gM|fl 



§ 



\ ^ 

^ ^ 



.^^ 



;^ 



f^ 



^ 

^ 

> 



J L s 7 ^ 






1^ 



^x 



5j 



] 



iUiU R ^^"~^'^""-^^•'^•^^^•--■ 









h 



^"•^'^t 






=E 



hlBU 



t^ 



N. 



r>^ 



""■^T-^"-"-^-^""^-' 



T 



3 



(UU 






T 






J 



•"Si 



=t^ 



^ 
'V.- 






11 ?3 t1 



■-=5 



"'':0 









-^'^ 









i 



^-1 



^ 



n 



k; 






h 



r 







102 



Report No. 6 



COLEMAN CASTWELD PROCESS 

FOR 
SEAMLESS STEEL SHIP CONSTRUCTION. 

The Coleman Castweld Process proposed for the con- 
struction of Seamless Steel Ships has been brought to my 
notice by Mr. Edward M. Carroll of New York. 

A description of this proposition which has been invented 
by Mr. Clyde J. Coleman is included in this report. It will be 
noted that welding by means of oxy-acetylene gases is sug- 
gested for the uniting of cast metal sections, but bearing in 
mind the masrfve proportions of the parts to be welded, the 
substitution of electric arc welding is recommended for this 
purpose, as otherwise I do not believe the principle would be 
worthy of consideration. 



DESCRIPTION OF "CASTWELD" PROCESS. 

The invention relates to a new method and process for 
constructing and fabricating, resulting in a ship structure with 
its hull, ribs, beams, compartment, etc., all being integrated 
together, thus securing a lighter, stronger and more rigid ship 
unit, which will possess greater durability and safety in serv- 
ice than a ship fabricated from the present numerous plate 
sections, riveted together. Such a structure has more inherent 
weaknesses, especially at the seams, which are constantly 
liable to loosen, spring leaks and even pull apart by the shear- 
ing of rivets through the rolling, lurching, twisting, torsioning, 
etc., by virtue of the constant shifting of the mean center of 
buoyancy in a rough sea. 

Such plate constructions also have very much greater 
resistance on account of the overlap at the seams, placing one 
or the other of the plate edge on end to the direction of travel, 
while on the other hand a ship built by my method and process 
will possess a hull exterior perfectly smooth and uniform, be- 
sides which it will be very much more able to withstand the 
buckling and collapsing pressure occasioned by its travel 
through the water. Furthermore, the time and expense neces- 
sary for the carrying out of my process as well as the time 
and expense for constructing the ship itself by this method and 
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process, are all so very much less than that by the present 
methods that it constitutes not only a very great advance in 
the art of shipbuilding, but otherwise a very great advance in 
the value to the world of marine commerce, whereby its urgent 
needs may be sro very much more speedily fulfilled. Moreover, 
the rolling mill operation is by this process entirely dispensed 
with, thus effecting another great saving in time and expense 
by eliminating the need of extensive detailed blue prints and 
the delay and cost of securing structured steel from the rolling 
mills, before the construction or fabrication of the boat may be 
commenced. Instead of these delays and additional first cost, 
we only require the cost and time necessary for purchasing 
pig iron or ingot, which are substantially raw materials. 

In its broadest sense the invention comprehends the co- 
ordination of the physics of casting and welding operations, 
so that molar masses may be autogenously put into structural 
forms. In other words, by such an integrating process, we 
secure a ship which is in its finished state all of one piece. 

In the drawings which accompany this report.* 

Fig. 1 is a plan view of the apparatus employed. 

Fig. 2 is a sectional elevation. 

Fig. 3 shows the heating jets. 

Fig. 4 is a section thereof. 

Figs. 5 and 6 show details. 

The drawings show a ship hull 6 partly finished in plan 
section and elevation with the apparatus more or less dia- 
grammatically represented for constructing such ship by the 
above-mentioned method and process. It will be seen that as 
the work progresses in the work of building up the ship in 
elevation that bricks 7 or other refractory bodies or materials 
are employed in building up the inside of the hull mould or 
matrix and bricks 8 to build up the outside. The upper layers 
9 of such refractory walls are kept a certain number of inches 
above the upper hull and edges of the boat structure, and such 
elevated walls have their inner faces 10 surfaced with a refrac- 
tory luting or cement 11 so as to seal the seams between the 
bricks or other wall forming bodies and thus provide a smooth 
and correct channel, mould or matrix for further building up 
by casting and fusing additional metal to the free edges 12 in 
continuation of the formation of the boat construction. 

A narrow gauge trackway 13 is located around the entire 
hull of the vessel and trackways 14 across such hull at points 
where it is desired to construct bulkheads or compartment 
walls. These transverse trackways are associated with an 
overhead longitudinally arranged track 15 for conveying the 
ladles 16 with their attached trucks 17 which are used on the 
transverse narrow gauge trackways. 

These trackways are for transporting portable ladles 



*Not Printed in this Edition 
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which are filled with molten steel and are by this? means moved 
along in such relation to the steel hull that the molten metal is 
allowed to flow in a properly controlled stream between the 
mould walls, and upon the exposed upper edge 12 of the struc- 
ture so that such layers of steel will be fused to the previously 
built body forming the ship hull 6. In practice, it is preferable 
to employ a furnace for melting pig iron and then putting this 
iron through a converter, and reducing it to steel, and pouring 
from this converter into ladles which are raised by means of 
an elevator 18 to whatever working level the boat has been 
built up to, and removing the ladles filled with molten steel 
on to the trackways 13 whereby they are transported along the 
hull as above described. The drawings also show a supply of 
oxygen and a supply of acetylene and respective pipe lines 19 
for each gas supply, such pipe lines being extended by means 
of art inverted U 20 over the trackways 13, and in turn con- 
necting with distributing supply pipes 21, which extend all the 
way round the inner hull lines of the boat, and likewise the 
pipes 22 along the transverse compartment walls but oppo^te 
to that of the trackways. Branch pipes 23 are attached to both 
of these supply pipes at frequent intervals so as to supply a 
great number of oxyacetylene fusing and welding jets 34, 
which are also operated with an excess of acetylene so that 
such flames or jets will have a metallurgically reducing char- 
acteristic — in other words, to prevent the formation of any 
oxide films on the upper edge of ship structure upon which 
these jets are kept directed, to constantly keep this free edge 
at a fusion temperature, so that any metal streams which are 
supplied from the ladles will immediately be welded and united 
to the upper hull edge and likewise molded to form by the 
refractory mould walls. 

The discharge spouts 25 of the ladles are to be so arranged 
that their discharge orifices discharge and project a solid 
stream of steel rearwardly and directly on to the free edge of 
the boat hull. This will insure a solid stream or mass of the 
molten metal being applied in the most efficient manner and 
will therefore effect a good union or weld with the upper free 
edge of the hull (which is kept at a welding temperature by 
the heating jets) and will thus permit of building up the super- 
imposed layers in the most firm and solid manner. Another 
advantage obtained will be that the molten metal discharged 
in this direction will also greatly assist building up to the 
proper level, or in other words preventing the flowing down 
below the built up level of this added strata because the stream 
of fresh material is constantly being applied ahead of that 
which has just previously been applied. This action is, of 
course, also aided by the force of the fusion jets being all 
directed rearwardly in relation to the direction of travel of the 
ladles. Discharging these molten streams rearwardly also 
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prevents the same being broken up by impact against the 
mould walls as would be the case if they were discharged 
directly into the mould channels at right angles. 

The ladle spouts are mounted on a guide 27 transversely 
arranged, relatively to the trackways, so that when the ladles 
have traveled along the hull and the discharge spouts are 
opposite a rib member 29, the movement of the ladle truck is 
arrested and the discharge spout given a to-and-fro transverse 
movement by its operating lever 28, so that the stream of 
molten steel will be applied to the building up of the rib 
members. 

An overhead crane 26 running on tracks 15 may be em- 
ployed to transfer the ladles of molten metal to the work. 

It may be found necessary to dilute the oxygen supply 
with a certain amount of air and also to dilute the acetylene 
supply with a lower grade of hydro-carbon gas or even to sub- 
stitute a gas of a lower heating value than the acetylene, 
because otherwise the oxyacetylene flame may have too high a 
critical temperature, whereby the surfaces of metal would be 
boiled and vissicated, which would greatly impair the tensile 
strength of the union or welds between the various superim- 
posed layers. 
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APPLICATIONS OF ELECTRIC ARC WELDING TO 

SHIP construction;. DEVELOPED BY 

MR. W. T. BONNER, OF 

OF 
CHESTER SHIPBUILDING CO. 

A. DESCRIPTION OP WORK. 

B. RESULTS OF WELDING TESTS. 



SECTION A: DESCRIPTION OF WORK 

(1) Mr. W. T. Bonner has contributed the attached pho- 
tographs of certain most interesting electric welding work 
which has been executed within the last two years. In addi- 
tion to these illustrations Mr. Bonner has referred me to earlier 
pioneer work, including the manufacture of cylinders out of (T 
diameter tube with welded malleable iron ends, as evidence of 
the superiority of welding over riveting to obtain pressure 
tightness. It is stated that the average time required to weld a 
& dia. circ. seam (i. e. 18" peripheral length) was 11 minutes 
and with all standby losses added, the working average was 4 
finished ends per hour. 

(2) The most important electric welding undertaking 
carried out by Mr. Bonner was a portion of a 1,200-ton Bulk 
Oil Barge designed for service in Mexico. 

This is shown in different stages of completion. 
Dimensions were as follows : 

Length B. P. 165' 3" 

Breadth moulded 37' 9" 

Depth 8' 63^" 

(A) The shell and deck plating was of J4" whilst the 
transverse framing members, intercostals and the like, were 
all of A" plating. After completing the 60 feet 'midship sec- 
tion by welding, the remainder of the barge was given over for 
finishing the construction by riveting in order to compare 
maintenance costs of the two types. 

Because of the badly twisted and buckled condition of the 
plating and framing supplied for this job, the work of assem- 
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bling was considerably multiplied. Some idea of this may be 
obtained from photo of keel plates as laid April 19, 1917. The 
two views of keel plating and channel longitudinals, as on 
April 22nd, show how completely the buckled condition was 
eliminated and, by reference to the port side views of finished 
bulkheads, it will be noted that all framing and plating was 
brought up true and square. In short, the following may be 
regarded as the accomplishments which Mr. Bonner's experi- 
ence has demonstrated may be duplicated with certainty on 
future work. 
1st. Straight work may be made out of very badly bent and 

twisted plates and channels. 
2nd. Thin plates of large area may be welded without a warp 

or buckle. 
3rd. Tight joints, metal solid against metal, may be made 

without punching a single hole for holding bolts. 
4th. Work was absolutely square and true as shown by steel 

straight edge. 
5th- Feature No. .3 was accomplished with less than one- 
fourth the expenditure of time and material required for 
previous methods of assembling work. 

The accompanying tables are appended to show the rela- 
tive cost of riveted and welded barges, one column of figures 
representing the former as developed during the construction 
of three barges and the latter by estimating the total from 
actual costs of work on the section illustrated. The section 
of bilge plating and framing defined by white lines on photos 
No. 7 and 11 has its exact counterpart in photos No. 8, 9 and 
10 designed by Mr. Bonner to illustrate a typical rivetless ship. 
The following table shows, by actual measurement and 
count, the absolute superiority of welded over riveted con- 
struction for ships. It is estimated by Mr. Bonner that the 
lesser weight of material in the welded type would enable five 
ships to be built with the steel now required for four. 

It is claimed that this work when completed demonstrated 
the advantages of electric welding to obtain rigidity of struc- 
ture, low frictional resistance, ample bracing, smooth interior 
and exterior surfaces and freedom from corrosive tendencies. 

Photo print No. 12 is a deck view looking aft, on the S. S. 
"Hisco" as she was nearing completion. Close inspection of 
this picture reveals a large amount of electric welding, includ- 
ing amongst other details the fixing of the crows nest to the 
mast without studs or rivets either for permanent or temporary 
use. 

The two views of a typical section of outside plating 
transverse and longitudinal framing, shown in photograph No. 
13, is appended to illustrate the application of electric welding 
to ships and barges constructed on the Isherwood principle. 
The section shown in this photograph was constructed entirely 
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of plating for all members excepting the inclined braces of 
common merchant bar stock and the bulb portion of framing 
which was formed by welding two half round bars along the 
edges of plates. 

A new type of deck rail stanchion is shown in figure 14 
for standardized ships being constructed at the Chester Yard. 
This is formed by welding a plate base to bottom end of a 3" 
I beam. The top end is finished by welding a curved plate cor- 
responding in width and thickness to the beam flanges or by 
closing over projecting ends of flanges to a butt weld in center. 
The web beam is punched for admission of rail rods which 
may be "tacked" to stanchion when assembled in place. 



COMPARATIVE DETAILS OF RIVETED AND 

RIVETLESS SHIP STRUCTURES DEVELOPED BY 

MEASUREMENTS OF ACTUAL BILGE SECTIONS 

ILLUSTRATED BY APPENDED PHOTOGRAPHS. 



Ref. Particulars Riveted 

A Weight of Plates required 2488 lbs. 

B Weight of Angles, Beams and Chan- 
nels '. . . . 764 " 

C Weight of Straight Bars none 

D No. of y^" Rivets 48 

E No. of Ya' Rivets • 231 

F No. of y^" Rivets 108 

G Total No. of Rivets 387 

H Total Weight of Rivets 200 lbs. 

I No. of Liners required 4 

J Weight of Liners 31 lbs. 

K Weight of Weld material added .... none 
L Total weight of complete section... 3483 lbs. 
M Lineal Feet of Heavy Flanging and 

Shaping 22 

N Sq. ft. of Forge Shaped Bilge Plate. 24 
O Sq. ft. of Machine Rolled Bilge Plate none 
P No. Lineal feet of welds in terms of 

34 sq. in. Section " 

Q No. Lineal feet of Caulked Edges. . . 57 
R Total No. of all Rivet Holes in Sec- 
tion 826 

S Average Area of Plates of full size. . 17280 sq.in. 
T Average No. of Rivet Holes in same 550 
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Welded 
1884 lbs. 

194 " 
360 " 
none 



120 lbs. 
2558 " 

none 

20 

620 
none 

15235 sq.in. 
none 
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U Average Area of Rivet Holes in 

same 432 sq. in. 

V Reduction of Plate Area due to 

Punching ....2J4% 

W Typical No. of holes in Rows across 

Plate 15 

X Average Total Diameter of Rows 

across Plate 15% " 

Y Average Proportion of Hole Diam. 

to Plate 25% 

Notes: — 

Above includes no allowance for Bilge Keel. 

All plates are calculated as of same thickness for both 
types. 



ESTIMATED CONSTRUCTION COST OF 166'x39'x8'8" 

BARGE 

Items Riveted Design Welded Type 

Plate Fitters $1,236.00 $618.00 

Punching and Shearing 1,045.00 522.00 

Countersinking and Reaming. ..... 976.00 

Riveting 3,427.00 

Chipping and Caulking 523.00 265.00 

Smithwork 557.00 275.00 

Assembling 2,010.00 1,320.00 

Electric Power 382.00* 95.00* 

Foreman 360.00 360.00 

Plant 300.00 

Superintendence 900.00 

Rivets 780.00 

Liners 142.00 

Shed and Shoring Lumber 145.00 

Welding — Assembling & Construction 
51,300 ft. Single Fillet- 
Welders— 6,000 hrs. (a) 60c. . .$3,600 
Current — 6,000 x 5 
30,000 K.W. H. (a) IVzc. ... 750 

Wire— 7,200 lbs. @ 6V2Q 450 

4,800.00 

Incidentals 250.00 

Profit 1,000.00 

Total $11,438.00 $10,850.00 
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*Current used for Lighting, Punching, Shearing and Air 
Compressors only. 

**A11 figures for Riveted Design based on Actual Book 
Cost of 3 barges. 

Editor's Note : — Mr. Bonner has since supplemented the 
abovt with the following statement: 

**When completed the barge was loaded with 500 tons of 
fire brick, pipe, lumber, cement, etc., and towed 60 miles to 
New York, where it also took on about 500 tons of pumping 
machinery. With this near capacity cargo the barge started 
on an ocean voyage of 2500 miles around the Capes to Tam- 
pico, where it arrived in due course with hull and cargo in 
good condition. 

"No repairs have thus far been required, notwithstanding 
the barge has been in service about twelve months as a bulk 
oil carrier on the Panuco River, where the rapid current, wind 
and tides combine to make navigation difficult." 



SECTION B. 



RESULTS OF WELDING TESTS. 
TABULATED RESULTS OF WELDING TESTS. 

Mr. Bonner has very kindly supplied me with tabulated 
results of tests carried out under his direction at the United 
States Bureau of Standards, Washington, during January and 
February, 1917. These results are most interesting as they 
cover a wide range of applications with different forms of 
joints welded with the oxyacetylene and electric arc systems. 

I understand they were primarily carried out with a view 
to determining the relative efficiency of various types of 
joints for shipplating (see-insert). 
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Mr. E. B. Katte's Investigations Relating to Arc Welding. 

A— CONFIDENTIAL REPORT. 

B— DESCRIPTION AND RECORD OF TESTS. 

C— SPECIFICATION OF WELDING APPARATUS. 

D— SPECIFIED METHOD OF MAKING TESTS. 

E— APPENDIX. 

F— RECORD OF TEST WITH QUASI AND OTHER 
ELECTRODES WITH ALTERNATING CUR- 
RENT. 



SECTIONS A TO E. 

Confidential Report 
(Not Printed in This Edition.) 
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SECTION F. 



RECORD OF TESTS WITH QUASI AND OTHER 
ELECTRODES WITH ALTERNATING CURRENT. 

Section F — Bending and Torsion Tests of Welds made with 

Quasi Arc and other electrodes with alternating current 

welding machine at West Albany Shops, week of 

January 4 to January 11, 1918. 
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Title: New York Shipbuilding Company's Investigations 

Relating to Spot Welding. 

A. Description and Remarks. 

B. — Photographs and Tabulated Test Results. 

C. — Report of Water-Tight Bulkhead Door. 
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SECTION A— DESCRIPTION AND REMARKS 



The following report was made by Mr. James Young, of 
the New York Shipbuilding Company: 

Due to the great necessity of speeding up work on the tor- 
pedo boat destroyers and merchant ships building at this yard, 
it occurred to me that electric spot-welding of certain parts of 
their structure might be practicable and be the means of a 
great saving in time, but having no experience or data on this 
subject, I set about making tests, the results of which will be 
stated later. 

Electric arc welding is now being used to some extent in 
some yards, in the construction of ships, as well as in repair 
work, but it does not appear to me to be as suitable for ship 
work as electric spot-welding, which in appearance is practic- 
ally the srame as flush riveting and is quicker and less ex- 
pensive than arc welding. 

As far as I understand, electric spot-welding was first put 
into practical use about fourteen years ago, but it was not 
until October, 1916, that one of these welders was installed at 
this plant. 

For some time back we have specified electric spot-weld- 
ing to take the place of riveting on light sheet iron work of all 
descriptions, up to about No. 10 B. W. G. in thickness and this 
construction has proved extremely satisfactory. 

It was only a matter of proceeding further with its use 
and applying it to thicker material and at the same time inves- 
tigating if electric spot-welded joints can be made equally as 
strong as the various types of riveted joints used in ship con- 
struction. 

It was also desired to go a step further and find out if 
these spot-welded joints could be made water-tight without 
having to be caulked, as in the case of riveted joints. 

Accordingly, a number of experiments were made to ob- 
tain a watertight joint by the use of various kinds of fluxes, 
some of which appear to make the joint perfectly watertight, 
and it is expected that tests will be made, in the near future, 
to prove the efficiency of this additional feature in connection 
with spot-welding. 

Early in October, 1917, we started to make a few tests on 
electric spot welding of steel plates one-eighth inch thick and 
up to three-quarters inch thick, but did not start to keep any 
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records of these tests until the middle of the following month. 

The electric spot-welder used, being the only one installed 
in this yard at the present time, is located in the tin shop, and 
is a "National" of 220 volts, 25 amperes, which is reduced to 
probably 4 volts and 80 amperes on the No. 8 point of the 
machine. 

It was soon found that, due to the small power of the 
machine, it was not advisable to use it on plates over three- 
eighths thick, this thickness being the limit of its capacity ; the 
plates tested, therefore, were generally three-eighths inch in 
thickness and under, as shown on the test reports. There ap- 
pears to be no doubt whatever but that with more powerful 
welders, plates of any usual thickness used in shipbuilding 
could be connected in this manner, with equally satisfactory 
remits as the thinner plates tested. 

It is also believed and suggested that any of the present 
gap riveters now in use in the plate and angle shop could 
easily be converted into electric spot-welders by being fitted 
with transformers, etc., and still retain the compressed air fea- 
ture to press the parts together while spot-welding. 

Some trouble has been experienced in keeping the elec- 
trodes cool by the circulation of water, as at present arranged 
on the spot-welder, and it is believed that a further use of the 
compressed air supplied to the converted machines co^ld be 
made with advantage, to keep the electrodes cool and be more 
efficient than water circulation, but this would have to be tried 
out to prove which system was the most efficient. 

Various types of electrodes were tried out, including the 
roller type, but we appear to get the best results with the flat 
type now being used, which are \%" diameter, with a J4" 
diameter contact surface. 

It is probable that the best results may be obtained by 
varying the diameter of the contact surface to suit the thick- 
ness of the material to be welded. 

It does not appear advisable at this time to propose the 
use of spot-welding on the shell or deck plating of vessels, 
as this might introduce complications, but there appears to 
be no doubt but that it can be applied to all parts of a vessel's 
structure, which are now riveted together in the shops. 

The test sheets and accompanying photographs of pieces 
tested are, no doubt, self-explanatory, but in examining the 
results it should be kept in mind that the current supplied to 
the machine varied to a very great extent, as it is on the same 
line which supplies current to other shops. It would seem 
advisable that electric spot-welders should be on a circuit by 
themselves. 

The tests referred to in this report were made under more 
or less adverse circumstances, and it was necessary to go about 
the matter slowly in order to get the proper people interested. 
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Considerably more progress could have been made if we had 
built a tank fitted with watertight door, and had it tested, in 
order to prove the practicability of spot-welding in structural 
parts of a vessel. We have now submitted a sample spot- 
welded manhole cover to the Bureau for the destroyers build- 
ing here, and have requested the Bureau's approval of the use 
of spot-welding on all manhole and hatch covers, doors, etc., 
and on all work of this kind for all of these vessels, and it is 
fully expected that approval will be given. 

It appears advisable that no time should be lost in build- 
ing a tank for test purposes, so that we might propose the use 
of spot-welding on the various structural parts of a vessel. 
Only certain parts of this tank could be spot-welded with the 
present facilities at our disposal, but this should be sufficient to 
prove the efficiency of spot-welding. 

The following are a few of the advantages claimed for 
electric spot-welding: 

(1) There is considerably less work involved in the de- 

velopment of plans, as a general note would cover 
all the information necessary regarding spot-weld- 
ing. 

(2) Elaborate templates are not necessary for this kind 

of work. 

(3) Laying out of the holes and centerpunching same are 

eliminated. 

(4) Punching of holes (sometimes reaming or drilling), 

countersinking and riveting are eliminated. 

(5) The closer spacing of the spot-welds than that of 

rivets does not weaken the plates as would rivet 
holes and permits of better caulking and insures 
perfect watertight work where required. 

(6) The necessity for accuracy in matching holes is elim- 

inated. 

(7) The above enumerated operations necessitate a con- 

siderable amount of handling, which is reduced to a 
minimum by spot-welding. 

(8) Many of the tools used in these operations might be 

dispensed with. 

(9) The men can be taught how to use the welder in a 

short space of time. 
(10) It is probable that by using a flux, as stated elsewhere 
in this report, caulking the edges of plates or 
bars, including the bevel planing of same, may also 
be eliminated. 
All the templating that would be required, as regards rivet 
holes, would be to locate a few anchor or pilot holes, as may 
be found necessary to insure that the various parts fit together 
properly in their relative positions. 

James Young. 
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SECTION B 



PHOTOGRAPHS AND TABULATED 
TEST RESULTS 

(Not Printed in This Edition.) 



SECTION C 



REPORT OF WATERTIGHT BULKHEAD DOOR 

Test Made 

at New York Shipbuilding Corporation yard, 3 P. M., 
Tuesday, April 2d, 1918. Electric spot-welding was com- 
pleted on Thursday, P. M., March 28, 1918, under the 
supervision of Messrs. James Young and William G. 
Schrader. Arc welding in place of caulking was com- 
pleted on Monday, A. M., April 1st, 1918, under same 
supervision. 

The spot welder used was not adequate for the work 
undertaken, and the results that follow must be so inter- 
preted. 

Description of Door : 

Overall size of door was 2' — Syi" x 5' — 9" (see plan 
"A" Sheet "A-1"). 

Plate was j4 inch thick and weighed 10 pounds per 
square foot. A 3 inch x 3 inch x ^ inch thick angle was 
used for the frame and was fastened to the plate with 141 
spot welds, approximately 1^ inches on center along outer 
edge and 39 auxiliary welds near heel of angle about 6 
inches on center. The 141 welds were used in an endeavor 
to melt a flux into the seam in pUce of caulking, but this 
was found unsatisfactory with the present equipment. 
Relative to strength of welds these 141 could be reduced 
to 65 welds about 3 inches on center with 18 auxiliary 
welds at heel of angle about 12" on center, the edges being 
arc welded instead of being caulked. 

Angle stiffeners were 3 inches x 2J^ inches x -fg inch 
thick and were fastened to the door plate with 8 spot 
welds on the 3 inch leg. Owing to the vast deflection of 
plate at time of applying the stiffeners it was necessary to 
use 10 welds on each of stiffeners No. 1 and No. 2 
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(Sht. "A-l"), but of these 10 welds only 8 welds eventual- 
ly took proper hold. The other two welds were merely to 
tack the stiffeners in place temporarily, owing to the 
extreme warping of plate and unsatisfactory clamping ar- 
rangement. By allowing 10 welds to each stiffener, how- 
ever, the connection would be considerably stronger. 

Welding Time: 

Owing to lack of proper equipment, the actual time 
consumed on this particular operation cannot be taken as 
a standard of estimate. The following paragraph headed 
"Possible Time for All Welding" will be found an ap- 
proximate estimating time under favorable working con- 
ditions. Als'o this work under proper conditions could be 
done by one operator only. 

Possible Time for All Welding : 

Clamping door and frame (8 clamps @ 3 

min.) 24 min. 

Changing electrodes (1 time @ 15 min.).. 15 

Clamping stiffeners (6 clamps @ 3 min.) . . 18 

83 welds @ 10 seconds 14 

30 welds @ 10 seconds 5 

Time between welds (113 @ 10 sec.) 19 

Arc welding, 196 inches @ 5 inches per min. 39 

Removing clamps (14 @ 2 min.) 28 

Allowable lost time and extra work, 10%.. 17 



Total time required for one man 2 hrs. 59 min. 

Test: 

The door was laid flat on a steel plate J^" thick and 
held in place with clamps approximately located to corre- 
spond with the dogs of actual fittings. (Plan B, Sht. 
A-l.) 

The clamps were fastened with 1" diameter bolts 
through the steel table top (Sect. E, Sht. A-l). 

A 1%" thick block was laid at each end of door and a 
straight-edge laid across these blocks for obtaining the 
deflections (Plan B, Sht. A-l). 

Before any water was let into door, the deflections 
were as shown on Sect. B, Sht. A-l. 

With the water at a pressure of 5 pounds per square 
inch, there was no deflection noticeable nor were the least 
signs of leakage visible. 

With the water at a pressure of 10 pounds per square 
inch, a slight deflection occurred on the top end and at the 
center (Plan A, Sht. A-l), as indicated at Sect. C, Sht. 
A-l, but no signs of leakage. 

With the water at a pressure of 15 pounds per square 
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inch, the deflections increased as indicated on Sect. D, 
Sht. A-1, but still no signs of leakage. 

With the water at a pressure of 20 pounds per square 
inch, one of the welds on stiffener No. 3 broke loose, in- 
creasing the deflection somewhat, but no leakage ap- 
peared. However, when the pressure reached 22J/2 pounds 
per square inch, three distinct reports were heard, indi- 
cating that some further welds had pulled loose on the 
stiffeners. 

It later developed, when door was removed from the 
testing table that on stiffener No. 1, seven welds had given 
away and that this stiffener was held in place by only 
one weld on the left-hand side. 

The center stiffener No. 2 had broken away entirely 
from all welds, and stiffener No. 3 had broken away at 
only one (1) weld. 

However, it should be noted that not one of the welds 
either at the stiffeners or at the frame showed the slight- 
est signs of leakage, although one weld before the test 
showed a burnt hole. This weld, shown at "X", Plan 
B, Sht. A-1, was filled in with arc welding and after the 
test, no welds on the frame showed any signs of breaking 
away. In fact, the door could have showed a higher 
pressure if allowed, before any leak would have shown 
at the frame. This, however, was unnecessary, as the 
door under its test had withstood pressure far beyond 
the maximum requirements. 

Before testings the door was photographed in posi- 
tion on the testing table, and a copy of this photograph 
accompanies this report. (Sheet A-2.) 
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HOLSLAG SYSTEM OF ARC WELDING 

Mr. W. J. MURRAY, President Electric Arc Welding 
Company of Newark, has kindly forwarded to me particulars 
of a welding outfit suitable for operation with alternating cur- 
rent. This outfit wasr recently developed by Mr. Holslag, of 
the New York Central Railway Company. 

I have made myself familiar with the action of this out- 
fit which I have seen in successful use. There would appear 
to be a great future for such equipment for service with either 
bare or flux covered metal electrodes. The "Holslag" appa- 
ratus is referred to in the following description: 

Welding from alternating current with the type of appa- 
ratus above referred to has certain advantages and disad- 
vantages as compared to welding with direct current. These 
may be classed under the following headings: 

1st, Heat Control ; 2nd, Efficiency ; 3rd, Portability ; 4th, 
Power Supply; 5th, Wiring; 6th, Maintenance; 7th, Power 
Factor. 

Heat Control: 

The general effort in electric welding work is to maintain 
either a constant current or, preferably, a constant wattage 
at the arc. The constant current from the D. C. source can 
only be approximated and commonly involves the use of the 
series resistance, which consumes considerable energy within 
itself. By the use of reactance control, which consumes but 
little energy, a very stable regulation can be obtained with the 
A. C. welding equipments, with the result that practically 
a constant watt input is obtainable. The current reduces just 
enough with the lengthening of the arc to accomplish this. 
The amount of the watt input to the arc can, however, be 
adjusted to the work and the electrodes employed by means 
of an easily moved shunt in the magnetic circuit or by means 
of voltage taps from the plugging board. 

Efficiency : 

A well designed transformer is naturally an efficient piece 
of apparatus, as it has no moving parts, and, consequently, no 
friction and windage. The regulation does not materially 
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affect the efficiency, so that a much higher electrical efficiency 
can be obtained. This ultimately shows in the number of 
kilowatt-hours per pound of metal deposited. As all power 
costs money, the saving in having an electrically efficient 
device is obvious. 

Portability : 

Outside of the rare cases where welding can be done 
from a D. C, 110-volt circuit, the D. C. welding ^york requires 
a motor generator set of considerable size. In addition, there 
is a switchboard, so that the total weight may run up to from 
1 to 2 tons. While these D. C. outfits may at times be put 
on wheels, yet they are too heavy, as a rule, to be moved 
except by means of a crane, so that portability in a strict sense 
is never possible with D. C. welding outfits. The A. C. set, 
even in the largest size, weighs only about 200 pounds and 
may, therefore, be carried around by two men without diffi- 
culty and set on or under a bench or anywhere convenient 
to the work. 

Power Supply: 

The general power distribution in this country is by 
alternating current, usually of 60 cycles. The A. C. welding 
equipment is therefore immediately adapted to the power 
supply without changing any of its characteristics, as is 
the case in the D. C. system. Further, the power can be 
brought to the welding outfit at. any of the convenient dis- 
tributing volts, such as 220, 440 or 550. The outfit can 
also be connected in whatever way is most satisfactory. to the 
power supply, thus reducing any possible disturbances in their 
circuit. Machines can also be made which will take power 
from more than one phase, although that is not commonly 
recommended. In general, when more than one machine is in 
operation, they can be divided up among the various phases to 
reduce the possible disturbances in the circuit. 

Wiring : 

When the welding work* is scattered, a D. C. system in- 
volves a low voltage, heavy current distribution with conse- 
quent expense for copper. The A. C. system permits the dis- 
tribution to be made at a comparatively high voltage on low 
current with transformation to a high current and low voltage 
near the welding operation. The result is a much reduced 
expense for distribution copper, as well, of course, as the re- 
duced expense for the outfit itself. 
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Maintenance : 



The maintenance of any motor generator with a switch- 
board involves greater skill than that required for a trans- 
former and the deterioration will be greater. The A. C. appa- 
ratus, having no moving parts except a small fan, should last 
indefinitely unless actually torn to pieces by some serious acci- 
dent, such as having something drop on it. The electric fan 
now used will probably be replaced in the future by a more 
practical form of blower. 

Power Factor: 

The one disadvantage under which an A. C. welding sys- 
tem labors is the fact that its high efficiency is obtained by 
the use of reactive control, which, while it does not consume 
energy does consume power factor. Stable alternating cur- 
rent arc has a power factor of from 15 to 25 or 30 per cent. 
The objection to this is not srerious when the amount of the 
power being used for welding is small compared to the 
capacity of the supply circuit. This makes the A. C. system 
particularly well adapted for isolated, single unit outfits for 
doing rapid work intermittently in various parts of the shop. 
When a large amount of welding is to be done in one location 
care should be taken to see that the load involved at the neces- 
sary power factor is not going to have too great a disturbing 
effect on the circuit. Us:ers of central station power will be 
required to equip their shop with expensive apparatus to meet 
the requirements of high power factor, insisted upon by the 
company supplying the electric energy. They, however, should 
not be frightened over this question of power factor unless they 
expect to consume a large amount of power for welding, as in 
the case of more or less isolated shop equipment, as this becomes 
of small importance and portability, convenience, reliability, and 
efficiency are the real considerations. 
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British Admiralty Investigations in Electric Welding 

A — Summary of opinions expressed by admiralty naval 
constructors. 

B — Conclusions and Recommendations. 

C-^Analysis of Results. 

D — Application to new construction. 
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Section A — Summary of Opinions Expressed by Admiralty 



British Admiralty Investigations in Electric Welding 
A — Summary of Opinions Expressed by Admiralty 

Naval Constructors 

Extract C. P. 171144/&— 

"Electric welding has been investigated exhaustively by 
Portsmouth Yard, and it is not considered that any useful 
purpose would be served by a further discussion on the sub- 
ject with Devonport, and possibly the initiation of a special 
set of experiments at the Western Yard, designed to convince 
the Yard Officers as to the respective real merits for various 
purposes of these particular electrodes." 
Extracts D. N. C— 3/1/18/— 

(1) "Propose to inform Yard that it is not considered 
necessary to carry out special vibration and concussion tests 
in connection with the application of arc welding, as sufficient 
experience has already been obtained to establish the effic- 
iency of a connection which has been properly arc welded — 
the Admiralty are quite satisfied that arc welding is at least 
equal, if not superior, to the existing means of connecting two 
portions of a ship's structure, or for making good a defective 
casting, and corroboration of this view is continually being 
brought to notice. 

Further experiments on arc welding are contemplated, 
the results of which will be communicated later, but in the 
meantime Yard need be under no apprehension in applying 
the process in a proper manner to the class of work described 
in the second paragraph of Yard letter, as there is no doubt 
that the results obtained should be, with experienced work- 
men, superior to the usual process of construction, where one 
member of a structure is frequently seriously weakened by 
another member of the structure which unavoidably passes 
through it, e. g., a fore and aft girder cut by the beams or 
frames, whereas with the more extensive use of arc welding 
a homogeneous, lighter and more efficient combination could 
generally be obtained. 

"Similarly, in regard to concussion and shock, it is be- 
lieved that arc welding is at least equal to riveted connections, 
and full confidence is felt in its capabilities of sustaining shock 
and concussion in as efficient a manner as the present system 
of riveted connections." 

(2) " arc welding will inevitably occupy in future 

work of new construction as a means of producing more 
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efficient work, and saving weight, also of enabling the output 
per man to be considerably increased, an important factor in 
existing conditions, and likely to increase in importance later." 
Extracts D. N. C. 3/11/17— 

{I) **Officers attending from Devonport, Chatham, and 
Pembroke Yards agreed that while Quasi-Arc process of 
Electric Welding could not be advantageously adopted in all 
cases as a substitute for the present process of. drilling, rivet- 
ing, caulking, etc., yet its use would undoubtedly result in a 
great reduction in the amount of labor involved in such 
processes." 

(2) " it was agreed that all water-tight work could 

probably be well and efficiently performed with economy in 
labor, by increasing the rivet spacing as much as possible 
consistent with the proper closing of the work and supple- 
menting this by Quasi-Arc welding so far as it is necessary 
to meet the requirements for strength and watertightness. 

"In addition to this it was agreed that the process of 
watertesting would also be greatly facilitated with a cor- 
responding saving in time and labor by the adoption of this 
practice. 

"It was considered, however, that the development of the 
process would necessarily be gradual and would depend on 
the result of experience in work at the ship on a much larger 
scale than the experiments already carried out. 

"The adoption of the proposals to the extent recom- 
mended, would, however, afford a very large field for experi- 
ence, and the more general application to non-watertight work 
could be reconsidered at a later date if justified by such ex- 
perience." 

(3) " a separate set of tests are being carried out 

with the object of determining the effect, if any, of corrosion 
and results will be reported in due course." 

Extract D. N. C— 

"As stated by Yard officers these lists of suggested appli- 
cations of electric welding (Vide Report No. 13) have no pre- 
tence to finality and a very large number of services where 
this process (electric welding) could be used with advantage 
would suggest themselves to a practical man handling it. In 
this connection it is proposed to leave the matter in the hands 
of Yard Officers who must be fully alive to its possibilities and 
to the necessity for its development, which is at present 
hampered by the limited plant at their disposal and want of 
experienced welders. 

"It IS proposed to deal with the comparative merits of 

Electrodes on receipt of report and also to take up the ques- 
tion of subjecting; welded material to alternating stresses be- 
yond the elastic limit with , who have the means of carry- 
ing out these tests and have offered their services in the 
matter." 

143 



Report Number Eleven 



Section B — Conclusions and Recommendations 



The report of the tests carried out at Portsmouth is mainly 
of interest as showing that it is perfectly practicable to connect 
together two plates by means of Quasi Arc Welding in a 
superior manner to the usual process of riveting and caulking 
and that there are no insuperable difficulties in applying the 
process to a large portion of the work of new construction. 

The experiments with riveted connections have thrown 
considerable light upon the weakness of our present system 
of connecting plates. The low stresses at which the seams 
open indicate that unless we can effect some improvement 
upon riveting we cannot utilize to the best advantage the ma- 
terial at our disposal and indeed suggest that we have already 
reached, if not exceeded, the stresses that riveted joints can 
stand with safety. 

A large number of varying types of connection were tried, 
but for simplicity, reliability and general application only a 
few of these, viz., 6, 8, 9, 11 and 12 are recommended for im- 
mediate adoption for work at the ship pending further prac- 
tical experience with this class of work. 

The Yards have dealt at some length with the question of 
cost and have compared in detail the cost of arc welding with 
that of rivetting and the former has, as would be expected, 
shown up somewhat unfavorably. It is contended that this 
comparison, although interesting, is really of little value as 
in the case of riveting it may be said, we have had a half cen- 
tury's experience with it on all classes of work and that there 
is little or nothing to learn about riveting. In the case of arc 
welding, there has hitherto been no application of the process 
for structural work, and the initial experimental work is 
necessarily more costly than any alternative well established 
process. These facts are mentioned as it is considered that, 
at this stage, the excess cost of the research work should be 
disregarded and should not influence any decision that might 
be arrived at as regards applying the process. 

The main considerations which justify the immediate 
adoption of arc welding, so far as welders and plant are 
available, may be summed up as follows: 

(A) There is the prospect of a considerable economy 

of weight in limiting laps, edges and straps which in any 

large ship in bottom plating, e. g., are quite 20% of the 

total weight of shell plating, an item of considerable 
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moment when the shell plating of "HOOD" weighs nearly 
3,000 tons. 

(B) It is believed that ultimately the cost of connect- 
ing up the various parts of a ship's structure would not 
be largely in excess of the present process of riveting 
and the cost of labor would be about 25% of the total 
cost instead of 60 to 65% as at present, e. g., one oper- 
ator would do the same work as now done by a squad of 
riveters (say 4 or 5 men) and a caulker. 

(C) It affords a means of attaching fittings to W. T. 
bulkheads without piercing the bulkheads. 

(D) It would be quite practicable to substitute weld- 
ing for some simple but very expensive smithwork such 
as angle collars around frames, etc. 

(E) It should simplify the obtaining of "oil tight- 
ness," saving large quantities of injection and ease the 
present acute situation in regard to water testing. 

(F) It will ease the situation as regards the use of 
oxy-acetylene gases. Arc welding could to a large ex- 
tent replace this process for practically all minor fittings, 
particularly for cutting away work although this is some- 
what slower than with acetylene. 

(G) Its use for repairing defective casting and plug- 
ging armor plates has already been established and 
doubtless as soon as experience and confidence are ob- 
tained a large number of services would suggest them- 
selves to men handling the process. 

(H) No reason is seen why female labor would not 
with advantage be trained to use it and in this respect 
it has a great advantage over the laborious process of 
hand riveting. 
In support of the above views attention is called to the 

remarks of Yard Officers in heavy type. (Extracts D. N. C. — 

3-1-18.) 

On other papers Yard Officers have made definite pro- 
posals for utilizing the process of Arc Welding for work of 
new construction and these proposals have been supplemented 
by instruction to the Yard to adopt some of the types of con- 
nection, viz., Fig. 9, 11 and 12 for bulkhead construction 
which by experiment have been found to be eminently suitable 
for this process and which can be subjected to a severe testing 
during the building stage. 

The report indicates that a certain amount of unreliability 
may be expected when the process is applied to thick plates 
in which case more than one run of welding must be made 
this is due to the slag not being properly removed, thus pro- 
ducing porosity. On this account it would not be advisable 
with our present limited experience to connect thick plates 
together by means of arc welding although this is, of course, 

145 



Report Number Eleven 

fully contemplated when we have more experience and con- 
fidence in the results, it being observed that in the electrode 
produced by Mr. Jones it is claimed that by nickel-plating the 
electrode it is possible to substantially reduce the slag form- 
ing component of the insulating material. 

The disadvantages of the process referred to on page 17, 
of the Yard Report, are fully realized, but these do not appear 
to be any greater than might have been expected — it will be 
noted that Yard are fairly confident — that with experience the 
various disabilities will be ultimately overcome and but for 
the demand for the use of the welders and plant upon what 
might be described as its subsidiary uses the Yard would be 
prepared to utilize it more extensively for work of a structural 
nature. 

Action has been taken to refer Portsmouth Report to the 
other Building Yards, representatives of which conferred 
with Portsmouth, to prepare proposals for immediately adopt- 
ing the arc welding for a number of minor services. This 
has been received on D. 002348/17 but the reports from other 
Yards have not added much to our knowledge on the subject 
and call for no special comment. 

In conclusion, it is considered that with our present ex- 
perience we are quite justified in adopting arc welding as a 
means of supplementing existing shipyard appliances to be 
used firstly on fittings of minor importance where great 
strength is not essential ; secondly, as a more efficient means 
of securing water or oil tightness and inasmuch as welding 
contributes to the strength of the union, to proportionately 
reduce the connecting rivets and finally, when sufficient ex- 
perience has been obtained, to use the process to replace to a 
large extent the present laborious process of riveting, the 
disabilities and limitations of which have been referred to 
previously. 

With the above object in view it will be necessary to 
very largely increase the numbers of welders, welding plant 
and probably also the generating plant at the dockyards and 
with the prospective shortness of labor and the necessity of 
furnishing existing labor supplies with the means of per- 
forming the maximum amount of work even at the expense of 
material, it is considered that immediate steps should be 
taken by all building Yards to put the process of arc welding 
on a proper footing or basis, proportionate to its potentialities, 
observing, up to the present^ there have been no failures 
whatever in its application — a fact to which we are indebted 
to the great assistance aflforded us by the Q. A. Co., to whom 
some recognition of their service in the matter should be 
sent. 
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Section C — Report of Tests Made at Portsmouth Dockyard, 

England, by Direction of 

Director of Naval Construction Admiralty 

August-October, 1917 



QUASI-ARC WELDING TESTS 
Analysis of Results 

In accordance with Admiralty Letter 15/8/17, D. 07862 
17/13321 (18485), comparative tests on riveted joints and 
joints welded by the Quasi-Arc process have been carried 
out at this Yard. As the tests proceeded many modifications 
to the types of joints indicated in the enclosure to the order 
referred to, and also many additional types of joints were sug- 
gested as a result of experience and the results of the whole 
of the tests carried out are shown on the accompanying prints. 
(See Page 155). 

As it w^as desired, as far as possible, to reproduce the con- 
ditions under which plates would be welded together in ship 
construction, which necessitated the welding being done in 
various positions, it was considered desirable that the whole 
of the welding should be done by an experienced operator, as 
the welders at this yard had had little or no experience with 
any type of welding other than performed in a downward 
direction referred to later as Flat Welding. 

The whole of the welding of the test pieces for which re- 
sults are shown on these sheets (with the exception of Sheet 
IB) were, therefore, carried out by an operator loaned by the 
Quasi-Arc Company, but*for the purpose of comparison a few 
of the tests have been repeated, the welding being done by a 
Dockyard operator, and the result of these tests is shown on 
Sheet IB. (See end of report.) 

The test pieces for which results are shown on Sheets 1, 
lA, and IB, were prepared as shown on Sheet "A." 

The butt of the plates was about 2 feet in length and was 
welded in the following three diflPerent ways: One 8-inch 
length was welded with the plane of the plates horizontal, 
the second 8 inches with the plates in a vertical plane and 
the butt vertical, and the remaining 8 inches with the plane 
of the plates vertical and the butt horizontal. These different 
types of welding will be referred to as Flat, Vertical and 
Horizontal Welding respectively. 
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After welding, one tensile and two bending strips were 
cut out of each 8-inch length, except in the case of the 25-lb. 
plate with strip under, in which two tensile and one bend- 
ing piece were cut out, extra test pieces being afterwards pre- 
pared for additional bending samples. The two bending 
strips for each type of welding were bent in opposite direc- 
tions so as to test the connection on both sides of the plate. 

The results of the tensrile tests are shown in tons per 
square inch, the sections in all cases being taken as the sec- 
tion of the original plate. In the case of the plates with a 
strip welded on, this method of measuring the stress is some- 
what misleading since the sectional area of the weld is greater 
than that of the original plate. On the other hand, however, 
the actual stress on the weld at the surface is appreciably in- 
creased owing to the bending effect due to the line of pull 
being not quite central. 

The loads shown in the bending tests are the actual loads 
applied at the center of a 7-inch span, the diameter over which 
the bending took place being 4 inches in all cases. 

The elongation obtained in the tensile tests was in nearly 
all cases small compared with that usually obtained with an 
ordinary tensile test on a plate. This is explained by the fact 
that since all specimens broke at the weld, the breaking stress 
of the plate had not been reached, and consequently, the final 
drawing out which occurs throughout an ordinary piece just 
before breaking, especially the region of the fracture, did not 
occur. 

Judging from the results of the V butts as a whole, and 
taking cost and strength into consideration, it appears that 
Flat Welding is the most satisfactory method, that Vertical 
and Horizontal Welding are about equal in strength, but that 
the latter is the cheaper method. 

With regard to the joint with a parallel opening and a 
strip on one side, the relative cost of the Flat Weld is in- 
creased owing to the overhead welding which has to be done 
on the strip, but neglecting the welding of the strip in each 
case, so as to obtain a comparison of the relative tests of 
welding a parallel opening, the order as regards cheapness is 
Flat, Vertical and Horizontal. 

This is a difficult joint to weld horizontally, and the re- 
sults obtained are not so satisfactory as with the other types 
of welding, the tensile strength in one case being only 14.8 
tons per square inch. 

From both a strength and cost point of view, therefore, 
joints such as those above, with a parallel opening, cannot be 
recommended for use in such positions that the welding has to 
be done horizontally. 

The test pieces Veed from both sides of the plate were 
prepared with the expectation that a reduction in the cost 
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of welding would result, but it was found that the cost was 
not affected to any extent, and as a great deal of work would 
be involved in planing necessitating the plate being set twice 
in the planing machine, this type of joint has nothing to 
recommend it. 

None of these joints could be applied to ship construc- 
tion without certain modifications, and the results are mainly 
interesting as representing the degree of adhesion which it is 
possible to obtain between the plate and the added metal. 

Sheets 2 and 2A show the results of experiments made 
with various types of welded laps with 20-lb. plating, their 
strength and proportion being compared with those of a single 
and double riveted lap. 

The first type of welded lap, Fig. 3, was made with a heavy 
weld along each edge. Three of these were made, and with 
Flat Welding on one edge and Overhead Welding on the 
other, one with Vertical Welding, and one with Horizontal 
Welding on one edge and Overhead Welding on the other. 

All these pieces fractured through the plate at the two 
rivet holes, securing the doubling pieces at the ends, the 
welds remaining intact. 

In order to determine whether such a connection was 
stronger than the actual plate without any reduction due to 
rivet holes another test piece with a heavy weld was pre- 
pared, the ends being extended as Fig. 4. This joint broke at 
a load of 111 tons on a width of 10 inches, all the other laps 
being 12 inches long, which is equivalent to a stress on the 
plating of 22 tons per square inch, and this connection is thus 
much stronger than any type of riveted lap in common use, 
and very nearly equal in strength to the actual plating. 

In the above laps no provision was made for connecting 
the plates together before welding. 

This type of weld was therefore repeated on a lap as 
Fig. 5, in which the plates were bolted together by two bolts, 
9 inches apart, before welding, the width of the laps being 
reduced to 2^/2 inches. 

The edges were then welded and the holes afterwards 
riveted. This lap also broke through the plate in a similar 
way as Fig. 3, at a load of 111 tons which indicates that rivet- 
ing after welding does not seriously aflFect the strength of the 
weld. 

All these laps, however, are of considerably greater cost 
than that of a double riveted lap and further experiments were 
therefore miade with a view to ascertaining to what extent the 
welding could be reduced without unduly weakening the joint. 

With this object, the test piece shown in Fig. 6, was pre- 
pared, in which two bolts were again used for connecting the 
pieces before welding, but the lap was welded along one edge 
only, the thickness of the weld being the same as in the previ- 
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ous test pieces. The breaking strength of this lap was 74 
tons, midway between the strengths of a single and a double 
riveted lap. 

In order to ascertain whether the spacing of the rivets 
had any effect on the strength of this type of joint another 
lap, as Fig. 7, was prepared in which the rivets were placed at 
watertight spacing, the thickness of the weld being identical 
with that in the last lap. This lap broke at 71 tons, a lower 
result than was obtained with only two rivets. 

The cost of these joints is still greatly in excess of that 
of a double riveted lap and with a view to a further reduction 
in cost, a lap was prepared as Fig. 8, in which the rivets were 
placed at watertight spacing and welded along one edge with 
a single run of welding, using a No. 10 electrode, all the other 
laps having been welded with two runs, one of No. 10 and 
one of No. 8. 

The cosrt was thus greatly reduced and the breaking 
strain was 86 tons, a higher result than was obtained with a 
heavy weld, viz., 71 tons. 

This result is much greater than was expected, judging 
from previous results, and in order to obtain further informa- 
tion with regard to the strength of a single run of welding, 
a lap, as Fig. 9, was prepared with only two rivets and a 
single run along one edge, which in this ca^e was horizontal. 

This lap broke at 67 tons against 74 tons with a heavy 
weld. 

The result of 86 tons was considered to be exceptional and 
was therefore repeated using the same size electrode which 
gave a result of 66 tons (Fig. 14), but it was found that the 
thickness of the weld at the fracture was less than that of 
the previous lap. 

It is not by any means certain that the rivets in these 
joints give any assistance to the weld since, the quantity of 
added metal being so small, very little extension of. the joint 
takes place before breaking, consequently, unless the rivets 
are a perfect fit in the holes, they would probably take little 
or none of the stress, but would simply shear after the weld 
broke. 

It is possible that the riveting on the lap which broke at 
86 tons may have been superior to that in the other laps, in 
which case the rivets would come into shear with the slightest 
extension and so take some of the stress off the weld. 

Assuming that this is the case, the results on the laps 
welded on one edge show that little, if any, advantage is 
gained by the application of more than one run, and cer- 
tainly the advantage gained is not sufficient to justify the 
extra cost. 

With regard to the spacing of the rivets, as already 
stated, the action of the rivets appears uncertain, and it is 
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therefore not considered necessary to space them more closely 
than is essential for ensuring that the plates are properly 
closed before welding, say about 8 inches. 

Taking the result of these five tests together, the results 
show that a lap with a single or double run of welding on one 
edge cannot be depended upon for a strength of more than 
about 70 tons, which is lower than that of a double-riveted 
lap. 

The effect of using a larger electrode on this type of joint 
is shown in Fig. 14, in which an exactly similar lap was 
welded along one edge only with a single run of a No. 8 
electrode. This resulted in the thickness of the weld being 
increased, but it was only about the same thickness as the 
double run in Fig. 7. The strength, however, was nearly 50% 
greater, viz., 103 tons, and the structure at the fracture was 
more homogeneous than with the double run. This may be 
the reason for the great difference in strength, but on the 
other hand it may be a case in which the rivets were assisting: 
in the strength of the joint. 

On the whole, the results for laps with welding along one 
edge only are not sufficiently consistent to recommend their 
adoption in place of double-riveted laps, and with a view to 
increasing the strength of the lap and still keeping the cost 
as low as possible, a lap, as Fig. 10, was next prepared, in 
which a single run of No. 10 electrode was made on each 
edge of the lap. This gave a result of 101 tons which is 
slightly greater than that of a double-riveted lap, the stress 
on the plating itself being about 17 tons per square inch. 

The cost of this lap is still rather excessive as compared 
with a double-riveted lap but the width of the lap is less, 
resulting in a saving in material and in weight. On the other 
hand this joint was welded vertically which is the most 
economical method of welding a lap. 

With a view to a further reduction in the amount of weld- 
ing, another lap was made as Fig. 11, the test piece being 
fixed in a vertical plane with the edges of the lap horizontal. 
A single run was then applied to the upper edge and a run 
4 inches in length on the lower edge. 

The strength of this joint, as would be expected, is less 
than that of a lap with a continuous run on each edge, but 
taking into account the awkward nature of the welding the 
result is considered very satisfactory. 

The cost of this joint is also less than that of the last 
test piece in spite of the difficulty in welding overhead, but 
this is due to the weld being lighter than in the preceding 
lap. 

This test piece was intended to represent a 12-inch length 
of a lap welded continuously on one edge and welded in 4- 
inch lengths on the other edge with 4-inch spaces between the 
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welds, but only a certain portion of such a lap is represented. 
Thus, the 12-inch length immediately adjacent would be rep- 
resented by Fig. 12, the strexigth of which is 88 tons, but the 
cost of electrodes is less than the previous lap which indicates 
a lighter weld and it may therefore be assumed that such a lap 
would have an average strength of about 90 tons per foot 
length. 

A joggled lap was also tried with a single run in the 
joggle, as shown in Fig. 13, but the result obtained was about 
the same as for laps with a run along one edge. 

Fig. 15 represents a test on 40-lb. plating, a single-riveted 
lap being pulled against a welded lap. The rivets sheared at 
65 tons so that the strength of the weld is not known. It is 
evident that too much weld had been applied for the purpose, 
the cost being excessive. 

The next series of tests shown on Sheets 3 and 3A were 
made on riveted and welded butts. Single, double and treble- 
riveted butts were tested with the results shown in Figs. 16 
to 19. In most of the riveted joints it was found that in addi- 
tion to the caulks opening, due to bending, a certain amount 
of slip occurred in the rivets, this being demonstrated by 
making saw cuts at the edge of the lap or butt prigr to test- 
ing. This was considered to be due to the rivets not 
entirely filling the holes, and to test this assumption a treble- 
riveted butt strap was prepared and hydraulically riveted.. It 
was found, however, that the slipping still occurred, and it is 
therefore concluded that it is due to the plates cutting into the 
rivets before shearing. The breaking strength of this joint 
was also practically identical with that of the hand-riveted 
butt. 

In comparison with these butts, three different types of 
welded butts were tried, the first being an ordinary V-weld; 
as Fig. 20, which broke through the weld at 113 tons. 

In this joint there is no means of connecting the plates 
together before welding, and to avoid this difficulty and also 
avoid Veeing the butts, a joint, as shown in Fig. 21, was 
made in which the butts of the plates ai-e rough-sheared and 
a single-riveted butt strap provides the necesary connection 
biefpre welding. This strap was made of the same thickness 
as the plating so as to assist in keeping the ends of the plates 
straight and the opening between the plates, which was about 
^-inch, was filled in by vertical welding. 

In this case, the test piece broke through one of the rows 
of rivets at 118 tons, the weld remaining intact. This cor- 
responds to a stress on the whole section of the plate of about 
20 tons per square inch. 

A similar joint was next made as Fig. 22, with only two 
rivets 9 inches apart to secure the plates to the strap. This 
gave a result of 117 tons, the joint breaking partially through 
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the weld and partially through the plate as shown. A repeat 
of this butt with Flat Welding gave a result of 116 tons, the 
plate breaking as shown in Fig. 24. 

The difference in the method of breaking may be due to 
the rivets in the first and third butt assisting the weld, but in 
any case there does not appear to be any advantage in spac- 
ing the rivets in this type of joint closer than is necessary 
for closing the plates, the same conclusion as was drawn for 
laps. 

In order to reduce the cost of sruch a butt, a test piece, 
as Fig. 25, was prepared in which the plate is Veed through 
only half its thickness, the edges being rough-sheared. The 
cost of the welding is thereby greatly reduced and the strength 
of the joint is seen to be greater than that of a simple-riveted 
butt. 

Fig. 23 shows an experiment carried out to test the prac- 
ticability of stopping leaks in an ordinary riveted butt which 
has opened by straining of the ship. 

For this purpose, a narrow strip of 5-lb. plate was slightly 
dished and welded over the joint of the two plates, the object 
being to allow the joint to open while the stretched thin plate 
maintained the watertightness. 

The result was entirely successful, as although the butt 
had opened 3/32" at. 90 tons, the weld remained intact. It is 
understood that this type of joint is being used at present on 
one of H. M. Ships. 

A further series of experiments shown on Sheets 4 and 4A 
was carried out on plates connected at right angles by means 
of welding, the strength being compared with that of riveted 
connections. 

The resistance to bending was tested by means of small 
samples, as Figs. 26 to 28, which were placed in compression 
in the testing machine, the loads and corresponding deflec- 
tions being measured. These results show that a right-angled 
connection with a weld in each corner resists? bending equally 
with a connection made with riveted angle bars. 

The larger test pieces in Figs. 29 to 33 were prepared for 
tensile tests and the results for riveted connections are seen 
to be low as compared with the wielded joints. 

In the riveted pieces the caulk at the root of the angles 
opened at 15 tons, rendering the joint non-watertight, whereas 
the welded joints necessarily remain watertight up to the 
breaking load. 

This remark, however, applies to all types of welded 
joints, and although in many cases the ultimate strength of 
a welded connection is less than that of a riveted one, the 
loads at which the riveted joints begin to open are invariably 
much lower than the breaking strain of even the weakest 
welded joint. 
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With regard to the tests of welding performed by a 
Dockyard operator (Sheet IB), it will be seen that with 25-lb. 
plating there is little difference in the strength on these welds 
as compared with those done by the Quasi-Arc Company's 
operator. 

The comparisons with 40-lb. plate are not so good, par- 
ticularly in the case of the horizontal welds. In fact, in all 
cases the fractures showed that the slag had not been prop- 
erly worked out of the weld. 

These results show the necessity of thoroughly training 
all operators in the different types of welding before they can 
be depended upon to produce consistently good results. 

With regard to the test referred to, in which a single 
run of No. 8 electrode was used (See Fig. 14), this was 
one of the last tests made, and throughout the whole series of 
te^s with laps, and right-angled connections, it was the only 
case in which this type of electrode had been used for a first 
run. In all other cases the weld had been started with a No. 
10 electrode, this being the practice recommended by the 
company's representatives in order to obtain an efficient weld 
in the corners of the joints. It would appear from this result, 
however, that for the same cost of electrodes a stronger weld 
is obtained, with a lap, by the use of a No. 8 electrode and 
the same might also apply to right-angled connections. This 
point is being taken up with the Quasi-Arc Company and 
further tests are being arranged for. 
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Section D — ^Application To New Constructicm 



With reference to the application of the process to New 
Construction a conference was held on the 25th of October, 
1917, Officers attending from Davonport, Chatham and Pem- 
broke Yards and a report on the conclusions arrived at is now 
in circulation to these Yards for concurrence. The recom- 
mendations made and agreed to at the conference were as 
follows : 

It was agreed that whilst Quasi-Arc process could not be 
advantageously adopted in all cases as a substitute for the 
present process of drilling, riveting, caulking, etc., yet its 
use would undoubtedly result in a great reduction in the 
amount of labor involved in such processes. 

It should be observed generally, that in the process of 
framing a ship it is necessary to provide means by which the 
various parts can be temporarily attached to each other and 
held securely in position before the work of permanently se- 
curing such parts is proceeded with. 

With regard to non-watertight work it was agreed that 
the present arrangement of laps, butts, stiffeners, etc., should 
be retained, and that, as the spacing of holes in such work for 
riveting is the maximum consistent with the proper closing 
of the work and general practice has shown that it is sufficient 
for this purpose, it was not considered that any advantage 
would accrue for the application of the Quasi-Arc process to 
such work. 

With the watertight work, however, the case is quite 
different, the present practice involving a much larger number 
of rivets than in non-watertight work, and it was agreed that 
all work of this nature could probably be well and efficiently 
performed with economy in labor by increasing the rivet 
spacing as much as possible consistent with the proper closing 
of the work and supplementing this by Quasi-Arc welding so 
far as it is necessary to meet the requirements for strength 
and watertightness. 

In addition to this it was agreed that the process of 
water testing would also be greatly facilitated, with a cor- 
responding saving in time and labor by the adoption of this 
practice. 

It was considered, however, that the development of the 
process would necessarily be gradual and would depend on 
the results of experience in work at the ship on a much larger 
scale than the experiments already carried out. 
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The adoption of the proposals to the extent recommended 
would, however, afford a very large held for experience, and 
the more general application to non-watertight work could 
be reconsidered at a later date if justified by such experience. 

It was suggested by Mr. Hockaday, Constructive Man- 
ager, Davonport, and generally considered desirable, that the 
tests already carried out should be supplemented by vibration 
tests and it is proposed to carry out such tests, if satisfactory 
means can be devised in the course of the experiments. The 
(question of corrosion also arose, but a separate set of tests 
are being carried out with the object of determining the effect, 
if any, of corrosion, and results will be reported in due course. 

It will be observed that the points raised are of a general 
nature as it was impracticable to discuss details as to the 
means of application, etc. 

The following additional remarks are therefore offered, 
in which the question is dealt with in greater detail and 
definite recommendations made as to the means of applying 
the process. 

Further tests have also been carried out since the date of 
the conference and the results of these are also included. 

The question of the relative costs of welding and rivet- 
ing was not discussed at the conference, but in comparing the 
tests shown on the sheets it should be observed that no allow- 
ance has been made for any work which may have to be per- 
formed after the joints are completed, the costs of the riveted 
joints being estimated on piece-work prices and simply repre- 
senting the cost of making the different joints. 

Taking subsequent work, such as water testing, injecting, 
recaulking, etc., into consideration there is little doubt that 
the cost of riveted work would be increased to a greater ex- 
tent than that of welded work. 

In addition, it has been established that a welded joint 
once completed would remain watertight up to the breaking 
point of the joint which is not the case with a riveted joint. 
Much of the trouble now experienced with leaky oil tanks, 
etc., due to straining of the ship would therefore almost cer- 
tainly be avoided by the adoption of this process. 

Further advantages would be the appreciable saving in 
weight which would result, and with the wider spacing of 
rivets which would be used at watertight frames and bulk- 
heads, the section of the ship at such places would be weak- 
ened to a much less extent than at present, and compensation 
liners would not be necessary. 

It is difficult to estimate the saving of time which would 
be effected from the results of experiments on such samples,, 
but a comparison of the cost of labor on riveted and welded 
samples shows that the total amount of labor expended on 
a lap such as Fig. 10 is less than that on a double-riveted lap, 
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although the strength is slightly greater. Similarly the cost 
oi labor on a butt such as tigs. 23 and 24 is only about one- 
half that on a treble-riveted butt, while again, the strength 
is greater. Thus while the total time taken in completing 
one welded joint may be greater than that taken for a riveted 
joint, one man would be performing the work formerly per- 
formed by several, and the saving in the number of men re- 
quired to do a number of joints in the same time would prob- 
ably be considerable. 

Against these many advantages must be set certain dis- 
advantages, which could, however, probably be eliminated as 
a result of experience. For instance, the proper supervision 
of the work would undoubtedly be difficult since, in joints 
which require the application of two or more layers or "runs" 
of welding, the outward appearance of the finished work 
might be quite satisfactory, whereas the joint might contain 
patches or even layers of slag. It would, therefore, be neces- 
sary to institute such a scheme of supervision as to ensure that 
the slag which covers each successive run of welding had been 
■entirely removed before another run was started, since the 
presence of this material in any quantity would seriously 
affect the quality of the weld. 

Another, and a serious objection, is the impossibility of 
other men working within the range of the arc, but this could 
be overcome in most cases by the provision of portable screens 
surrounding each operator. 

Further, the question arises as to the methods of dealing 
with repairs to damaged plates which have been welded to- 
gether, but by the use of oxy-acetylene burning plant, chip- 
ping hammers, etc., and a slight rearrangement of laps and 
butts, this difficulty could probably be overcome. 

It was also found, in welding the test pieces, that fairly 
•considerable distortion occurred during welding due to the 
contraction of the welded metal, but this was not nearly so 
marked with laps as with butts. This was prevented by 
clamping angle bars to the back of the pieces during welding, 
but it does not necessarily follow that t.his would occur in 
practice, as both the plates to be welded together would be 
securely attached to the frames or other structure before 
welding. This, again, is a matter which only experience at 
the ship can definitely settle, but even if such distortion did 
•occur, it should not be a difficult matter to counteract it. 

Another result of the contraction of the welded metal was 
to draw the edges of a butt together. This was noticed in 
several test pieces, more particularly when using 40-lb. plate. 

Thus, in welding a V butt, the tendency was for the plate 
at the parts remote from the weld to close. This was scarcely 
noticeable with 20- and 25-lb. plating, but with 40-lb. plate, 
the apex of the V closed up on several occasions and had to 
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be burnt through by the use of a higher current before start- 
ing to weld at that place. There is a possibility that this 
might assume much larger proportions when applied to a butt 
5 feet or 6 feet in length, but it is not anticipated that the 
effect will be very marked with 20-lb. plating especially as 
the plates would be securely attached to frames, etc. This 
is also a matter for trial at the ship. 

With regard to the means of applying the process, and the 
types of joints considered to be most suitable for ship work, 
the joints shown in Sheet 1, lA, and IB, could not be applied 
without certain modifications. Thus in the case of the V 
welds it would be necessary for some provision to be made 
for connecting the plates together before welding, and the 
use of such a joint will be discussed when dealing with butts. 
With regard to the other type of joint on Sheet I, the costs are 
so high due to the strip being welded at the edges that it is 
out of the question to consider its adoption, but a joint in 
which the welding is omitted has been tried and will be re- 
ferred to later. 

With regard to the lap joints shown on Sheets 2 and 2A, it 
is considered that the type of joint shown in Fig. 10 could 
be used extensively in place of double-riveted laps, such as in 
outer and inner bottom plating, bulkheads, etc., and also in 
many cases where a flush surface is not essential, could be 
used in place of double-riveted butts. Where a specially high 
strength is required the weld could be increased in thickness 
to that used in Fig. 10, although this would practically double 
the co^, but even then the cost is comparable with that of a 
treble-riveted butt. 

The joint in Fig. 10 possesses a particular advantage, 
apart from cost, since only one run of welding being applied 
to each edge the possibility of slag being left in the weld is 
considerably less than in the case of joints requiring more 
than one run. In this case, therefore, the appearance of the 
finished weld would be very good evidence of the general 
quality of the work, and the difficulty of proper supervision 
previously referred to would be greatly diminished. This 
particular joint was welded vertically, which is the simplest 
and most economical method of welding a lap, and the price 
for such a joint welded horizontally as in side plating, bulk- 
heads, etc., and fiat, as in fiats and decks, would probablv he 
greater on account of the overhead welding which would be 
involved. 

It would, therefore, be desirable in cases where the 
strength is sufficient, to limit the amount of overhead welding 
by the introduction of an intermittent run as Figs. 11 and 12. 
The price is thus reduced and the strength is not greatlv 
aflPected and it could always be arranged for the most awk- 
ward weld to be made intermittent, the more accessible edge 
being given a continuous run. 
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The adoption of laps with a single or double run of weld- 
ing along one edge only, and no welding on the other edge, 
cannot be recommended for extensive use in view of the 
comparatively low results obtained in 4 of the 6 samples 
tested. For unimportant watertight work, however, where 
single-riveted laps are now used, these are considered to be 
a great improvement on a single-riveted lap, and for such work 
the lap in Fig. 9 is the most suitable on account of its low cost 
and little inferiority in strength to those in Figs. 6 and 7. 

In using such a joint, however, it would be inadvisable 
to space the rivets more widely apart than about 8 diameters 
as otherwise considerable corrosion might be set up between 
the plates on the unwelded side which might in time have the 
effect of forcing the plates apart and even breaking the rivets. 

In any case, whichever system is applied to outer bottom 
plating, a continuous run should be made on the outside edge, 
so that any leaks developing during water test could be readily 
detected, and also in order to render the outer surface as 
smooth as possible. 

As regards the flat bottom, therefore, it is not seen how 
a continuous row of overhead welding on one edge of each 
lap can be avoided no matter what the system of plating 
may be. 

With regard to side plating, however, if it were decided 
to adopt laps with a continuous run on the outside and an 
intermittent run oh the inside it would be advantageous to 
adopt the "clinker" system of construction, the plates over- 
lapping upwards, since this would reduce the amount of over- 
head welding to a minimum. 

In cases where a flush surface is necessary and laps can- 
not be adopted the selection of a suitable joint lies between 
those shown in Figs. 20, 22 and 25. 

The only modification which would be necessary to the 
joint in Fig. 20 would be the provision of a butt strap as in 
Fig. 25, and it is not anticipated that this would have any 
appreciable effect on the ^rength of the weld. 

The welding cost of the joint in Fig. 20 is seen to be very 
low as compared with Fig. 22, but this is accounted for by the 
fact that the former was welded on the flat and the latter 
vertically. 

Comparing Fig. 20 with Fig. 24, which is a repeat of the 
rough-sheared butt with flat welding, it is observed that there 
is little difference in the cost of welding. 

As the strength of the two types of joint is practically 
identical, so far as the welding cost is concerned, it appears 
to be immaterial which type is adopted for positions in which 
flat welding can be done and judging from the results on Sheet 
1. the same would probably apply to vertical welding. 
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The butt, in Fig. 22, however, has the advantage that no 
planing is necessary and accurate fitting of the butt is not re- 
quired. The distance between the ends of the plates should 
not be less than ^" as otherwise difficulty would be experi- 
enced in efficiently welding at the bottom of the groove, but 
the butt could always be opened to this amount by chipping 
in place. On the other hand, it would be immaterial from a 
strength point of view if this distance were exceeded, but on 
account of the greater expenditure in electrodes which would 
be involved it should be kept as near }i as possible. This type 
of butt would therefore be more simple to fit at the ship than 
a V butt, and as the cost of welding. |s about the same, it 
is considered that, in cases where the welding can be done 
either vertically or flat, and where strength is required in 
conjunction with a flush surface this butt is on the whole the 
Tnost suitable for adoption. 

The objection to welding such a joint horizontally has 
already been referred to, but the results on Sheet 1 show that 
the same objection does not apply to V butts. If, therefore, a 
butt of this strength were required in such a position that the 
ivelding had to be done horizontally, it would be preferable to 
use a Veed butt with a strap and widely spaced rivet. Such a 
requirement would rarely, if ever, occur in shipbuilding, except 
in connecting double thickness in a vertical plane. 

It should be observed that neither of these butts would be 
suitable as a substitute for a riveted lap or a single riveted 
butt on account of their high cost, and for a purpose where a 
flush surface is required and strength is not such an important 
consideration the butt in Fig. 25 would probably be the best 
substitute, its strength being superior to that of a single- 
riveted butt and its cost about the same. 

It has already been seen that the strength of a butt Veed 
through the whole thickness is 113 tons, and by varying the 
depth of the V it would therefore be possible to obtain a butt 
of any strength up to this limit. 

It is not considered that any of these butts could be 
sufficiently welded overhead, and even if an efficient joint 
could be obtained the cost would be excessive. 

For the butts in the flat portion of the outer bottom, 
therefore, the most satisfactory joint would be obtained by 
placing the butt straps on the outside and welding from in- 
side, but if the rivets were widely spaced it would still be 
necessary to weld the edges of the strap lightly from under- 
neath to prevent free access of w^ter between the stran and 
the plating, the rivet spacing not being suitable for caulking. 
This, however, could be avoided by placing the rivets at 
watertight spacing as in Fig. 21, as this would certainly be 
cheaper than overhead welding along the edges of the strap. 
If this system were adopted the edges of the strap could be 
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bevelled, leaving only sufficient of the square edge for caulk- 
ing, so as to reduce the resistance to a minimum. 

With regard to the application of the process to bound- 
aries of watertight bulkheads, decks, frames, etc., the simple^ 
method of erection of such structures is undoubtedly at- 
tained by the use of angle bars around the boundaries as at 
present. 

Such joints as those in Figs. 26, 27, 28 and 30 are, there- 
fore, considered to be impracticable for ship construction, and 
apart from this, their cost is excessive. The remark as to 
cost applies to the method adopted in Figs. 31 and 32. 

For such work the cheapest method of applying the 
process is that illustrated in Fig. 32, in which the present 
method of construction is retained, excepting that the plates 
are brought into contact instead of leaving a caulking space, 
and the rivets are placed at non-watertight spacing. The 
necessary watertightness is given by a single run of welding 
at the junction of the plates, and additional lengths of a light 
weld on the flanges between the rivets. The strength of such 
a connection is superior to that of a riveted connection, but in 
cases where the boundary had curvature as in the connection 
of bulkheads to the ship's side it would be difficult to arrange 
for the plates to be in contact at all points. In such cases the 
plates should be brought together as closely as practicable, the 
space between being filled in as far as possible. 

It would certainly not be satisfactory to adopt the al- 
ternative shown in Fig. X, since the cost would be excessive, 
three continuous runs being involved. Also the plate would 
not be connected at the edge A, and any bending effect would 
tend to open this edge on account of the wide spacing of the 
rivets. This type of connection is therefore not recommended. 

It should be observed generally that in practice it would 
be preferable for the riveting to be done prior to welding in 
all types of joints as greater stiffness and resistance to dis- 
tortion during the welding would be ensured. 

It is pointed out that the whole of these proposals have 
been based on the results of experiments conducted on 20 lbs. 
and 25 lbs. mild steel plating, and the recommendations made 
are not intended to apply to plating over 25 lbs. 

A few tests have been made on 40 lbs. plating both mild 
steel and H. T., the results being shown on Sheets 1 and 1-A. 

The closing effect on the plates which was noticed dur- 
ing welding has already been referred to. In addition, when 
using 40 lbs. plate, it was found, in two cases, that owing to a 
portion of the joint having been completed and allowed to 
cool, on restarting the work the next day, cracks developed 
between the weld and the plate in one case, and in the weld in 
another case, the latter being an H. T. plate. It was stated 
by the representative of the Quasi-Arc Company that if this 
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occurred in practice, the cracked portion could be burnt out by 
the usre of a higher current, and the work recommenced, but 
this would be a very costly process in comparison with the 
cost of riveted work. There appears to be little danger- in this 
occurring, if the work once started is proceeded with continu- 
ously, so retaining the heat in the plates. Generally speaking, 
however, apart from this possibility, the results of the tests 
on 40-lbs. plate, so far as they have gone, are not so satisfac- 
tory as with 20 lbs. and 25 lbs. plating, before any definite 
recommendations are made for dealing with plating of this 
thickness further experience is necessary — in fact it would be 
desirable to repeat a number of tests both with riveted and 
welded butts using mild steel and H. T. steel, and, if approved, 
arrangements will be made for this to be done. 
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DESCRIPTION OF SPOT-WELDED CAR 
Mr. James Osborne's Spot-Welded Freight Car. 

Mr. James Osborne, Chief Electrical Engineer of the 
American Car and Foundry Company, of St. Louis, has sup- 
plied me with the following particulars of a 50-ton gondola 
car in which the entire superstructure was welded, with 
the exception of the ladder irons. 

In the first instance, Mr. Osborne made a tour of all the 
welding companies, who advised him that they could not build 
a machine which would be capable of doing such heavy work. 
It was therefore necessary for him to design and build a spe- 
cial machine which is referred to in the general description 
hereunder. 



DESCRIPTION OF AN ELECTRIC SPOT-WELDED 

FREIGHT CAR 

(Photographs on Pages 176-181.) 

Previous to seven or eight years ago electric spot-welding 
as applied to railroad rolling stock construction had been ap- 
plied only to the welding of plates of very small gauge for pas- 
senger cars, but in 1911 the American Car and Foundry Com- 
pany, of St. Louis, Mo., designed a gondola freight car of fifty 
tons capacity, the superstructure of which was electric spot- 
welded. 

Attempts were made to purchase a welding plant which 
would weld plates having a thickness of from one-quarter {%) 
to three-quarters (^) of an inch, but being unable to obtain 
suitable equipment in the open market, a special welder was 
designed and built, consisting of a welding transformer ar- 
ranged with a 440-volt primary and having about 85 K. 
V. A. capacity. The secondary of this transformer consisted 
of a flexible copper lead of sufficient length to give a welding 
gap of sixty-six (66) inches. The transformer was placed at 
one end of a structural steel frame and the other end com- 
prised the welding jaws. 
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The pressure was applied by means of a hand wheel, the 
transformer was provided with various primary combinations 
to obtain different voltages, and for further regulation a choke 
coil was used. Upon the completion of the construction of 
the welding machine it was tested and found entirely satisfac- 
tory. 

It had been decided to spot-weld as much of the freight 
car as practical and, accordingly^ the entire superstructure was 
welded in this manner except the iron ladder and other small 
parts, several of which are mentioned later. 

Several notes of interest follow : 

The bottom cover plates of the crqss bearers and the entire 
cover plates on top of the members were spot welded. A few 
rivets were used to hold the hinge castings in place. 

The bottom cover plate of the body bolster which carries 
the entire weight of the load of the car at each end was spot- 
welded to the flanges of the diaphragm. Three rivets were 
used to hold in place the cast iron side bearings. 

After the car was finished in 1911, it was tested and several 
test trips were made. It was observed that this car unlike a 
riveted car, when a test load is applied, invariably settles, until 
the rivets obtain a solid bearing. This was not the case in the 
welded car, as it was perfectly stiff. The usual deflection was 
noticed upon loading, but upon removing the test load the car 
assumed its original position. 

After being tested the car was turned over to the Burling- 
ton Road, by whom it was used exclusively for the coal trade. 

In 1916, after the car had been in actual service for five 
years, it was sideswiped in a wreck. An obstruction passed 
between the top ertd of the strakes and the chord angle, which 
bent these members. All but one spot weld remained intact. 

The car has been examined from time to time since it was 
built, and the welded joints have stood the severe strains of 
continuous hard use. 

The car is still in service and is giving as good results as 
a riveted car. 

Description of Photographs of Spot- Welded Gondola Coal Car. 

Photographs 1, lA and IB show a general view of the 
welding machine. Note that the pressure was applied by 
means of a hand wheel. The transformer was provided with 
various primary combinations to obtain different voltages. 

Photograph 2 shows the under frame of the car containing 
the cover plates over the center sill and cross bearers — the 
arrow points indicate that the bottom cover plates of the cross 
bearers were spot-welded. 

Photograph 3 shows a view of the body bolster. This is 
the member which carries the entire load of the car at each endw 
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Note the bottom cover plate was spot-welded to the flange of 
the diaphragms. The three rivets shown are for the purpose 
of holding in place a cast iron side bearing. 

Photograph 4 shows the welder in the act of welding the 
floor sheet to the body bolster. 

Photograph 5 shows the welder fastening the end sheet 
to the floor sheet. 

Photograph 6 srhows the process of welding the top chord 
angle to the side sheets. Note the splice plates used in joining 
the side sheets. Where this splice plate is welded to the top 
chord angle it was necessary to weld through four thicknesses 
of metal as a side strake was used on the outside for a splice 
plate. 

Photographs 7 and 14 show one of the main end sheets. 
The bath tub section stiffener across the center of the sheet 
was spot-welded in place as well as the top chord angle, as 
indicated by the arrows in photograph 7. 

Photograph 8 shows one of the doors. Note that the 
wrought iron hinges were spot-welded as is also the **Z" and 
angle stiffenersr. It was necessary, however, to rivet the cor- 
ner castings. 

Photographs 9 and 10 show other parts of the car in 
course of construction. 

Photograph 11 shows a picture of the completed car. 

Photograph 12 shows a picture of a similar car in the 
same lot which was riveted. By a careful comparison the num- 
ber of rivets which were eliminated from the superstructure of 
this car may be readily noted. 

Photograph 13 shows a view of the car made in 1916 after 
the car had been in actual service for five years. 
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Report No. 13 



LIST OF SHIP PARTS FOR WHICH VARIOUS 

AUTHORITIES REQUIRE AND ALLOW 

ELECTRIC WELDING. 

(A) — Recommendations by Lloyds and American Bureau 
(B) — Allowed by British Admiralty 
(C) — ^Allowed by U. S. Navy Department 
(D) — Examples of Electric Welding Applications at Brit- 
ish Admiralty Dockyards. 
(E) — Sundry Applications of Electric Welding. 
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LIST OF SERVICES FOR ELECTRIC WELDING 

Recommended by: 

LLOYDS REGISTER OF SHIPPING AND 
AMERICAN BUREAU OF SHIPPING 

on 25th March, 1918. 

Deck Rail Stanchions to Plating 
Clips for Detachable Rail Stanchions 
Continuous Railing Rods (Joints) 
Attaching Deck Collars (L Rings) around Ventilators 

" " Smokestack 

Cape Rings, Smokestack, Pipes, etc. 

Galley Fixtures to Plating 

Bath and other Fixtures in Officers' Quarters 

Cowl Supporting Rings to Ventilators 
Bulwark Top Splicing and End Fitting 
Skylights over Galley 

(a) Engine Room Stairs and Gratings 

(b) Boiler Room 
Attaching (a) and (b) to Plating 

Grab Rods on Casing 

All Stairs and Ladders, including Rail Attachments 

Door Frames to Casing, Hinges, Catches, Hold Coach- 
hooks, etc. 

Clips for attaching Interior Wood Finish to Casing 

Entire Screen Bulkhead 

Coal Chutes 

Butts of W. T. and O. T. Boundary Bars on Blkds., or 
floors in double bottom 

Ventilator Cowls 

Stacks and Uptakes 

Bulkheads (that are not structural parts of the ship), par- 
tition bulkheads in accommodation I 

Framing and Supports for Engine and Boiler Room Floor- ! 

ing or Gratings 

Cargo Batten Cleats 

Tanks (that are not structural parts) 

Shaft Alley Escapes 

Steel Skylights over Accommodation Spaces 
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Engine Room Skylights 

Grab Rods on exterior and interior of Deck Houses 

Deck Houses not covering unprotected openings through 

weather decks 
Reinforcing and Protecting Angles Round Manholes 
Joints of W. T. Angle Collars at frames in way of W. T. 

Flats 
Other parts of a vessel in which electric welding is pro- 
posed must be submitted for consideration. 
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SECTION B 



LIST OF SERVICES FOR ELECTRIC WELDING 

Allowed by : 

BRITISH ADMIRALTY. NOVEMBER. 1917 

Constructive Department 

Ventilation Trunking where not less than •^". 

Reinforcing worn castings, forgings, etc. 

Repairing fractures in castings, such as stems, stern posts, 
rudder frames, etc. 

Attaching clamp for bow extensions. 

Making steel masts and derricks. 

Welding foundation bars for engine and boiler bearers, 
etc., to inner bottom to avoid piercing oil tanks. 

Making and securing in place, storeroom, galley, mess 
and cabin fittings. 

Making coamings, carlings, hatchways and skylights gen- 
erally. 

Welding around collars where frames, beams, etc., pass 
through W. T. Decks, bulkheads, etc. 

Attaching flanges to pipes, pillars, etc. 

Welding rungs in ladders. 

Attaching brackets, eyeplates, etc., in connection with 
stowing and working of torpedoes, ammunition, etc. 

Construction of tanks, bins, etc: 

Attaching side plating to rudder and hydroplane casting^. 

Renewing ribs of chequered plating to avoid scrapping the 
platijig. 

Making right angled or other bends in angle bars, tee 
bars, etc. This is done by notching one flange, bending the 
angle so as to close the notch and welding along the junction. 

Making good pitting in bottom plating. 

Welding studs into armour for the attachment of fittings. 
(This has been carried out with satisfactory results on the 
"COMMONWEALTH" for attaching the frames and plating 
of bulges.) 

Engineering Departments 

General work for which oxy-acetylene has hitherto been 
accepted. 

Making steel pipes not subject to steam, or for working 
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pressures not in excess of 50 lbs. per sq. in., e.g., bilge suction 
pipes, vent and blow pipes, etc. 

Welding on flanges on low pressure pipes, limits for steam 
pipes 2^4" dia. and 30 lbs. working pressure ; limits as regards 
other pipes, below Sj/i", 100 lbs., above 3jt4", 50 lbs. working 
pressure. 

Repairs to steel castings or forgings to reproduce jointing 
surfaces, wearing parts, etc., where requirements as regards 
strength and safety are not involved, e.g., reinforcing door 
joints of metal drums, building up damaged key ways, building 
up ends of shafts to fit enlarged holes in flywheels, etc. 
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SECTION C 



LIST OF SERVICES FOR ELECTRIC WELDING 

Allowed by: 

UNITED STATES NAVY DEPARTMENT 

SEPTEMBER, 1917. 

Navy Department, 

Bureau of Construction and Repair, 
Washington, D. C. 

In September, 1917, the Bureau authorized the use of 
electric welds in the following cases, subject to the approval 
of the Superintending Constructor in each particular case: 

(A) Manufacture of angle staples 

(B) Built up plate staples 

(C) Recesses in form of pocket 

(D) Drain wells 

(E) Welding of plates to angles to increase the width of 

the same for attachment of fittings. 

(F) Manufacture of small tanks (if not pressure tanks) 

(G) Butts of hatch trunks 

(H) Corners of flanged or dished plates 

(I) Butts of angle rings 

(J) Built up channels from angles and flat iron. 

Tentative approval is also given to using electric welding 
in the following cases, subject to the approval of the Super- 
intending Constructor in each particular case : 

(a) Liners to shell, tank tops and bulkheads. 

(])) Stiffening rings to plates for making up covers over 
openings. 

The Bureau desires that particularly close inspection be 
made on all work involving welding as authorized herein. 
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SECTION D 



EXAMPLES OF ELECTRIC WELDING 

APPLICATIONS 
AT BRITISH ADMIRALTY 

List of Examples of Applications of Electric Welding at 

Admiralty Dockyards. 

(a) Welding the plates of tanks, etc., pipe flanges and 

ventilating ducts. 

(b) Making holes in armour plating to receive studs for 

securing bulges to armoured vessels. The studs are 
inserted in the holes and then welded into position. 
Some of these studs were tested to destruction with- 
out disturbing the weld. 

(c) Welding manhole coamings to propeller shaft tubes. 

(d) Fitting dished strips over riveted joints of hull plat- 

ing to stop leakage at the riveted butt. 

(e) Repairing fractures in cast steel stern posts and rud- 

ders, the fractures of which were reinforced by means 
of electric welding. 

(f) Welding plates forming the auxiliary hull of cruisers 

where the stability had to be increased and protec- 
tion provided against submarine attack. 



METHOD ADOPTED BY THE BRITISH ADMIRALTY 
IN THE ELECTRIC WELDING OF WATER- 
TIGHT JOINTS FOR SHIP STRUC- 
TURES AND OIL TANKS SUBJECT 
TO HEAVY STRESSES 

The method adopted by the British Admiralty to make 
watertight joint in ship structures and oil tanks subjected to 
heavy stresses is described and illustrated hereunder : 

Comparatively thin and flexible nietal sheets are used 
(usually J4")» which will cover the joint lines, the sheets be- 
ing welded to the plating to eliminate all risk of leakage. In 
preparing sheets for the purpose, rolled steel plates may be 
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used of a thin guage, for example, No. 12 guage ; these sheets 
are annealed throughout in order that their consistency may 
be as uniform as possible after welding. They are laid over the 
joint lines and fillet-welded at their edges to the plates at each 
side of the joints. 

The sketches clearly show the construction. 

Figures 1 and 2 show riveted plating with comparatively 
narrow steel strips (a) laid over the joint lines and welded 
at each side at (b) where one strip meets another over a plate 
joint, the end of the abutting strip is welded to the edge of the 
outer strip or to the plating as at (c) Fig. 1. In this figure 
the applied strips (a) may be only from 1" to 2" broad so that 
they will be inside the lines of the rivets. The steel strips can 
be fed down against the surface of the plating as they are being 
welded as illustrated in Fig. 3, the ends of successive strips 
being welded where more than one length of strip is required 
for a joint line. * 

The resultant structure is absolutely watertight and will 
withstand very high stresses without showing any sign of leak- 
age. The welded strips actually reinforce the joints, while with 
stresses large enough to open the joints somewhat, the thin 
annealed strips can extend or bend transversely to the extent 
required without their welded edges breaking away. Even 
with no caulking between the edges of the plates, it is an im- 
provement over existing plating structures, as regards resist- 
ance to opening up of the joints and risk of leakage. The 
actual joint line may also be welded before the strip is ap- 
plied as at (c) Fig. 2, when considered advisable. 

The thin covering plates may also be applied so as to 
extend' over the rivet heads if desired, which then renders the 
caulking of the rivets of less importance, or unnecessary ; Fig. 
4 shows in section a flat steel strip (a) which is wide enough 
to cover the rivet heads, applicable to cases where the rivet 
heads (f) are countersunk. The strip (a) need not necessarily 
lie flat against the plating, but may be buckled outwardly to 
allow freedom of expansion in a direction extending along the 
joint line, as in Fig. 5. If the rivet heads project, as in Fig. 6, 
the steel strips may be bent inwardly at their edges beyond 
the rivet lines and welded there. This also provide^ an ele- 
ment of flexibility. In such cases as those of Figs 5, 6 and 7, 
where the strips are curved and extend away from the plating 
surface over part of their width, the ends of the strips may 
either be flattened down to enable them to be welded to the 
plating or to crossing strips, or the crossing strips may have 
their edges lifted to apply them to the ends of the first men- 
tioned strips, whichever is most convenient. 
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SUNDRY APPLICATIONS OF ELECTRIC WELDING 

SUPPLIED BY MR E. J. RIGBY 

Approximate CcHnparative Cost of Welding Angle Iron 
Cost of Labor in Cents per Foot 



Size 


Blacksmith Weld 


Electric Weld 
Square or 
Beveled 


Square 


Beveled 


2 x2 

2j^x2H 

3 x3 

3 x3y2 

4 x3>^ 

4 x4 • 

5 x4 

6 x4 


.12 
.17 
.23 

.25 
.30 
.35 
.40 
.45 
.65 


.17 
.20 
.25 
.30 

.35 
.40 

.45 
.55 
.75 


.06 
.08 
.10 
.12 
.14 
.16 
.18 
.20 
.22 



p 






v^ 



l/Nl 







Sketches showing types of angle iron staples Welded by Electric Arc, cut by cold saw to required soe 
and angle. In one STiipyard where twenty-two (22) fires had previously been used in an angle smithshop, 
it was found that by using an Electric Arc Welding Machine, two (^) of the fires could be dispensed with. 
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Angles can be welded out to any size required 
with Electric Arc at cost of .01 to .03 per Inch, 
against anglesmith's life welding .M) per inch. 




I 



J 






D 



Q: 



I 



o 




Door Frame made from flat bars of any size 
and Electric Arc welded with a saving of 75 % 
compared with fire welding. 



Watertight Doors 3'^ X }i'f flat bars. 



C 



Boat Davits, web split closed and welded, weld 5' long cost 
for lire welding $6.00, Electric Welding $1.00. 
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Cost for fire welding with solid 
points $7.75. 

Saving by Electric Arc Weld- 
ing $2.60. 



Mast Platforms 




Angle Rings, with or without projections formed by anglesmiths 
and welded by Electric Arc at a Saving of 25 4 at least. 



^ 



.-gna 




I 



^ 



Watertight Bulkheads 4'' x 4 '' Angles. 

Federal Shipbuilding Company, 

Newarlc, N. J. 

Angles on keel plates and partitions are also welded at the butts. 
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Hied 



Fcnden on Mine Sweepcn all 
round. Welded il Butti of plates 
after being riveted in position, by 
the Todd Shipyard Corporitlon at 
Tebo Vai^t Buln. Brooklyn. 




S'^'gutt Sfj*t^s. 



BLACKSMITH 



ELKCTKIC ARC 



Report No. 14 



MR E. J. RIGBY'S DESCIUPTION 
OF ELECTRIC WELDING WITH FLUX-COVERED 

ELECTRODES. 

I have received the following description of the Quasi Arc 
System of Electric Welding from Mr. E. J. Rigby, Consulting 
Engineer, who has had very considerable experience with this 
system in Australia, England and America. 



SUMMARY OF CONTENTS. 

* 

INTRODUCTION. 

NECESSITY FOR TRAINING OPERATORS FOR 
SHIPYARDS. 

ADVANTAGES OF THE FLUX-COVERED METAL 
ARC PROCESS OF ELECTRIC WELDING. 

ADVANTAGES OF ELECTRIC WELDING OVER 
GAS AND FIRE WELDING. 

DEFECTS OF FORMER ELECTRICAL METHOD. 

THE FLUX-COVERED METAL ARC ELEC- 
TRODES. 

EQUIPMENT FOR FLUX-COVERED METAL ARC 
WELDING. 

THE FLUX-COVERED METAL ARC PROCESS. 

CUTTING BY THE FLUX-COVERED METAL ARC. 
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THE FLUX-COVERED METAL ARC PROCESS OF 

ELECTRIC WELDING. 



Introduction 

The flux-covered metal arc process of electric welding is 
in use in all the naval dockyards of Great Britain as well as 
in those of all the leading shipbuilders and manufacturing engi- 
neers, and is in use both for repair and new construction work. 

So far as the process has been applied to the uniting of 
the entire hull plating it is at present confined to the building 
of a cross channel barge of 12S-foot length, besides the auxil- 
iary hull plating of battleships and cruisers. 

From the experience and confidence gained in this way, 
designs have been prepared for more important ship struc- 
tures. It is confidently expected by prominent naval archi- 
tects'that the cost of material and labor in building a ship will 
be considerably reduced, and the dead weight lightened by use 
of this process of welding. 

In the shipyards welding is being adopted in conjunction 
with the usual methods of riveting and smithing, and for re- 
pairs, welding seams for water tightness in place of caulking, 
for oil and water tanks, bulkheads, making holes in armor 
plating, and welding in studs for attaching bilges, etc. 

All the large engineering and steel plants also use the car- 
bon and metal arc for repairing, and the making good of defec- 
tive and fractured castings; for welding the seams of buoys, 
submarine mines, aerial torpedoes, bombs, etc. 

Elaborate tests and experiments with a view to determin- 
ing its further application to the welded construction of ships, 
boilers, etc., have already been carried out by the British Ad- 
miralty, and Lloyd's Registry have recently organized a series 
of severe vibratory tests which ar^ now being made. 

The wider adoption of electric welding in shipbuilding is 
a matter of supreme importance at the present time when the 
demand for tonnage is so great and urgent. It is realized that 
the reduction in the weight of material for a given strength 
will be effective, due to dispensing with the angle frame at-, 
tachments, laps, rivets, etc., and the. use of lighter weight of 
plating, due to the superior strength of the welded over the 
riveted joint. It should also bring in its train a reduction of 
the necessary man power connected with the skilled trades of 
punching, reaming, riveting, caulking, and smithing, as well as 
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a corresponding saving in time, plant and overhead charges 
over the present methods employed. 

Necessity for Training Operators. 

_ - * ' 

^*: > The rapid and wide adoption of the process in England 
>a|id France, brought about by the necessities of the war situa- 
tion has led to a great demand for operators, and the irregular 
quality of the work produced as the result of the scarcity of 
thoroughly trained workmen, directs attention to the reason 
why electric welding has been so long in taking the prominent 
place in construction work which its merits deserve. 

In the past too much emphasis has, been laid upon the fact 
chat a green man could quickly learn how to operate electric 
welding equipment because of its simplicity, while little or no 
attention was given to training operators who would study the 
work and become skilled workmen capable of enlarging the 
scope of their trade and the quality of the work they produced. 

While simple welding can be done with a fair degree of 
success by semi-skilled workmen such work as: that found in 
ishipyards and engineering repair shops needs more skilled 
mechanics. Electric welding has advanced to such a degree of 
success that it must now be recognized as a trade demanding 
the attention of thoroughly trained operators. 

Welding with the electric arc is a trade of some skill and 
requires both practice to acquire the manual dexterity to 
manipulate it properly and instruction in the proper use of the 
apparatus employed, also the control and regulation of the 
current-supply necessary to perform any given piece of work. 

Both the size of the electrodes used and the mass of the 
material to be welded will vary in different jobs requiring spe- 
cified current at the correct pressure to give the amounts of 
heat necessary. It may, therefore, be stated that electric weld- 
ing is a trade, requiring considerable skill, although the degree 
of proficiency is easily attained for the execution of repetition 
work. To assist in the supply of electric welding operators, 
the executive which controls the allocation of oxygen and 
acetylene in Britain have a staff of demonstrators who are 
available to train local labor in the application of such welding 
systems as are employed to greatly hasten the output of muni- 
tions including ship and aircraft construction. It was found 
that such initial instruction was most necessary to give a 
proper understanding of the uses of electric welding and the 
methods of applying the process to the class of work at the 
several factories. 

Welding by means of the electric arc w^ill supersede many 
of the riveting operations of today, and designers of ships and 
construction ^work will undoubtedly arrange their details to 
suit it, as soon as they have confidence that they can get 
operators able to make consistently good^ welded work. 
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Advantages of the Flux-Covered Arc Process of 

Electric Welding. 

The efficiency of a welded joint must be determined not 
only by its tensile strength, but also by a consideration of the 
nature of the changes introduced by welding, in the structure 
qf the metal of the work and this fact must be borne in mind 
when designing parts to be welded. 

The essential characteristics of a satisfactory fusion weld 
are — 

Firstly — That the metal in the welded joint shall be pure, 

and free from all traces of iron oxide ; and 
Secondly — that the thermal disturbance to the structure 
of the surrounding metals by the welding process 
shall be reduced to a minimum. 

Advantages of Electric Welding Over Gas and Fire Welds. 

The superiority of electric welding over gas and fire weld- 
ing is consequent on the extremely localized character of the 
heat generated by the electric arc, thereby resulting in a 
smaller area of disturbance and also in the elimination of the 
necessity for any pre-heating of the work. The difficulty of 
localizing the heat in gas welding is liable to lead to imperfect 
welding at certain places of junction, owing to such places not 
having been brought to a welding temperature and has the 
further disadvantage, owing to the wide area over which the 
heat is diffused, that the welds are left in a condition of greater 
stress due to the contraction of the cooling metal. 

Defects of Former Electrical Methods 

Fusion welding has hitherto been effected by means of the 
carbon arc or by using iron rods as electrodes, which have not 
been satisfactory in work required to withstand pressure, and 
in the welding of alloyed or high carbon steels, excepting when 
special skill was employed in the operation. Such welds are 
frequently deteriorated by pitting, due to the particles of the 
slag, formed in the fusion, adhering to the surface, and oxida- 
tion of the fused metal exposed to the atmosphere absorbing 
oxygen which reacts and combines with the carbon in the steel 
to form gas, and with the iron to form oxide, resulting in 
porosity and breaking up of the structure of the metal. 

The importance of forming a joint which contains no 
trace of oxide is so great as to deserve particular emphasis. 
Not only does the presence of oxide greatly reduce the strength 
of the weld, but it renders the joint peculiarly liable to corro- 
sion. 

In view of the importance which the subject of corrosion 
bears to that of welding especially in shipbuilding, or when 
joints are exposed, the following notes are of interest : 
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Fundamentally, corrosion is electrolytic in character 
and depends on the difference in potential of contiguous 
areas. Commercial iron and steel contain areas which in 
the presence of an electrolyte (which may be merely at- 
mospheric moisture) are capable of forming voltaic cir- 
cuits, the necessary conditions being afforded by the pres- 
ence of small particles of impurities or by local conditions 
of strain in the metal itself. 

These impurities or strains give rise to areas of higher 
electrolytic potential, and form the electro-positive points 
which are first attacked by the corroding agents. Thus in 
a caulked joint corrosion will commence at the caulking, 
and similarly a riveted joint will be attacked round the 
rivet heads, owing to the local strain in the metal at these 
points. 

In a welded joint, if the metal at the weld be less pure 
than the surrounding metal, the weld will be first attacked. 
Similarly, if the added metal be not homogeneous, local 
difference of potential in the weld itself will cause corro- 
sion at the weld. 

A microscopic examination of the metal deposited by an 
electrode with flux of proper constituents shows it to be of 
extraordinary purity, and it will be found by the usual labora- 
tory tests to be always electro-negative to the surrounding 
metal. 

Hence it follows, that such a weld will have an excep- 
tionally high factor of resistance to corrosive influence. 

Flux-Covered Metal Arc Electrodes. 

(As Manufactured by the Quasi Arc Weldtrode Co.) 
The quasi arc electrodes are composed of a metallic core, 
with a covering of blue asbestos yarn or other coating which 
is a ferrous silicate and in fusing acts as a reducing agent, and 
so effectually prevents oxidation of the deposited metal. The 
yarn is coated with sodium silicate, aluminum silicate, or the 
like, to vary the fusing temperature of the asbestos yarn. 

This covering forms a fusible insulating casing around the 
metal core of such thickness that the metal core is supported 
by it when in contact with the work, at the proper distance 
and to a large extent eliminates the factor of manual dexterity 
in maintaining an arc of the proper length while the electrode 
is fusing. In addition to the fusible insulating covering, the 
electrode has combined with it a small quantity of a different 
metal capable of exerting a strong reducing action, that is, a 
metal such as aluminum, having a strong affinity for oxygen 
at the temperature at which the welding takes the place. 

Aluminum is admirable for the purpose and is applied^ in 
the form of a fine wire wrapped in the blue asbestos covering 
in the proportion to the iron of about 0.2 % . Nickel deposited 
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on the rods also serves the same purpose. 

The aluminum as it fuses with the metallic core of the 
electrode, oxidizes and so prevents oxidation of the fusing 
metal. The alumina formed readily combines with and passes 
away with the slag, and so produces a homogeneous deposit in 
the weld. 

Owing also to its reducing action, it also preserves to a 
considerable extent the original carbon of the steel from the 
oxidation which always occurs in fusion. 

The Electrodes are supplied ready for irse rn standard 
lengths of 18 inches, and of variotrs diameters, according to 
the size and nature of the work for which they ai*e required. 
Electrodes of various types are supplied composing the fol- 
lowing characteristics. • : • 

Mild Steel Electrodes of .1 carbon content suitable for 
general welding of mild steel or iron shipbuilding, construc- 
tional work, welding fish plates to tramway rails, tanks, wheel 
tires, filling steel castings, etc. 

Carbon Steel Electrodes of .5 carbon content suitable for 
reinforcing worn parts of machinery, building up teeth of steel 
gear wheels, reinforcing tramway rail treads, etc. 

Manganese Electrodes, of 14% manganese suitable for 
reinforcing or building up manganese crusher jaws, dredge 
bucket lips, tramway points and crossings, etc. 

Special Electrodes, of mild steel in which the slag coating 
is made more viscous by addition of lime, suitable for boiler 
plate reinforcement and any overhead or vertical welding. 

Equipment for Plux-Covered .Metal Arc Welding. 

The equipment required is simple and relatively inexpens- 
ive. Any source of current supply either A. C. or D. C. at a 
pressure of 100-110 volts may be utilized, and the maximum 
amount of current used by any one operator will not exceed 
250 amperes for the heaviest welding operations. When sev- 
eral men are employed welding in a shipyard or works, the 
load is estimated to average 60 amperes at 100 volts or approxi- 
mately 6 kilowatts per operator, 

Each operator is provided with a BALANCING RE- 
SISTANCE and with a meter and switch for adjusting the 
current to suit the size of work and electrode he is using. The 
resistance is portable, weighing only about 150 pounds, and 
may be easily carried to any position where work is required to 
be done. The personal equipment of the operator consists of 
an ELECTRODE HOLDER, with length of flexible cable at- 
tached, and a WELDING SCREEN with correctly colored 
glasses to protect his eyes and enable him to observe the 
operation: he will also require a CHIPPING HAMMER and 
WIRE BRUSH for removing the slag. 
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The Flux-Covered Metal Arc Process. 

The methods of use and the results obtained diifer from 
the bare metallic and carbon arc fusion systems. It is rapid 
and perfect owing to the fact that the heat introduced into the 
weld is automatically governed by the nature of the special 
electrodes, the covering of which in the solid state is a non- 
conductor, and in its igneous state a good conductor of electric 
current, and as a secondary conductor it maintains electrical 
connections between the work and the metallic arc of the elec- 
trode, serving to confine and maintain the direction and length 
of the arc. 

The electrode holder is connected up with the positive 
connection on the resistance by means of a flexible cable of 
suitable length, while the negative pole of the current-supply 
is attached to the work or metal bench on which the work to 
be welded rests, thus reversing the usual practice in metallic 
arc welding. 

In operation, electrical contact is made by touching the 
work with the end of the electrode held vertically, thus allow- 
ing current to pass and an arc to form. The electrode still kept 
in contact with the work is then dropped to an angle, when the 
arc is partially destroyed owing to the special covering passing 
into the igneous state and acting as a secondary conductor. 
The action once started, the electrode melts at a uniform rate 
so long as it remains in contact, and leaves a seam of metal 
perfectly diffused into the work, the covering material acting 
as a slag floats, and spreads over the surface of the weld as it 
is formed. 

The fused metal being entirely covered by the slag is 
thereby completely protected from all risk of oxidation. The 
slag covering is readily chipped or brushed off when the weld 
cools, leaving a bright, clean metallic surface. 

Uniformly good and reliable results are obtained and no 
appreciable thermal disturbance is caused to the structure of 
the surrounding metal. 



Cutting by the Flux-Covered Arc. 

Steel plates or castings can be readily cut by the elec- 
trodes, and this feature is exceedingly useful when the oxygen 
blowpipe is not available. The method of procedure is to take 
a mild steel electrode of No. 8 gauge, dip it in water and with 
a current of about 200 amperes apply the point of the electrode 
to the plate or piece to be cut. The point of the electrode must 
be moved quickly up and down through the thickness of the 
plate, and the molten metal allowed to drop. 
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NAVAL CONSTRUCTOR H. G. KNOX'S PLAN FOR 
NOMENCLATURE OF VARIOUS KINDS OF 

WELDS 

Naval Constructor Knox, of the United States Navy Yard, 
Norfolk, Va., brought forward the necessity for standardiza- 
tion of symbols, and the nomenclature of welds. His work 
was of an able pioneer nature. He transmitted the data which 
he had gathered to the Training Committee of the Electric 
Welding Committee, who, in conjunction with the Design 
Committee and the Research Committee, have developed from 
Naval Constructor Knox's early work a complete system of 
nomenclature and symbols, which are not only applicable to 
the general uses of the industry, but are also made convenient 
for the ship designer and draftsman. 

This information follows herewith and will be added to 
from time to time by the Education and Training Section of 
the Emergency Fleet Corporation, by whom such information 
will be made available to the shipbuilder. 

This plan has been developed by Mr. Hornor, of the 
Emergency Fleet Corporation (in collaboration with Mr. 
Knox), and the accompanying drawings and descriptions re- 
late to a plan of nomenclature which should be considered as 
standard in America. 
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TYPE OF JOINT 




STRAP weld is one in which the scam of two adjoiniriK plates or surfaces 
is reinforced by any form or shape to add strength and siability to the joint or 
plate. In this form of weld the seam can only be welded from the side of the work 
opposite the reinforcement, and the reinforcement of whatever shape must he welded 
from the side of the work to which the reinforcement is applictl. 



BUTT 



avn»ok 



a 




BUTT weld is one in which two plates or surfaces arc hrougln tos^clher edge 
to edge and welded along the scam thus formed. The two plates when so welded, 
form a perfectly flat plane in themselves excluding the possible projective caused by 
other indi^-idual objects as frames, straps, stifFeners, etc., or the building up of the 
weld proper. 
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TYPE OP JOINT— Continued 



UkP 







FILLET weld i> one in which •omc biture or m< 

& plate, by welding along the TCrticsl edge of Ihe lixtl 

corner thus tormei and finished at an angle o( forty-five degrees 



relded to the face 



Report Number Fifteen 



TYPE OF JOINT— Continued 



PLUG 



cvnaof 





PLUG weld is one used to connect the metals by welding through a hole in either 
one plate (Fig. **A" or both plates (Fig. "B"). Also used for filUng through a bolt 
hole as at (Fig. **C**), or for added strength when fastening fixtures to the face 
of a plate by drilling a countersunk hole through the fixture (Fig. "D") and api^y^ 
ing the welding material thnough this hole, as at (Fig. **iy'), thereby fastening the 
fixture to the plate at this point. 



TtE 





TEE weld is one where one plate is welded vertically to another as in the 
case of the edge of a transverse bulkhead (Fig. "A") being welded against the shell- 
plating or deck. This is a weld which in all cases requires EXCEPTIONAL care 
and can only be used where it is possible to work from both sides of the vertical 
plate. Also used for welding a rod in a vertical position to a flat surface, as the 
rung of a ladder (Fig. "C"), or a plate welded vertically to a pipe stanchion (Fig. 
"B"), as in the case of water closet stalls. 
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DESIGN OF WELD 



SINGLE ^^ 



9p/<e 



w 




SINGLE "V" is a term applied to the "edge finish" of a plate when this edge 
is beveled from BOTH sides to an angle, the degrees of which are left to the de- 
signer. To be used when the "V" side of the plate is to be a maximum "strength" 
weld, with the plate setting vertically to the face of an adjoining member, and only 
when the electrode can be applied from both sides of the work. 



oouaLtV 




i£ 






KmM 

DOUBLE "V" is a term applied to the "edge finish'* of two adjoining plates 
when the adjoining edges of b«th plates are beveled from BOTH sides to an angle, 
the degrees of which are left to the designer. To be used when the two plates are 
to be "butted" together along these two sides for a maximum "strength" weld. Only 
to be used when welding can be performed from both sides of the plate. 



5TIUWNT 

laviM. Yl or «^/««f fMTt 




t-TMICKNiSS 



STRAIGHT is a term applied to the "edge finish" of a plate, when this edge 
is left in its crude or sheared state. To be used only where maximum strength is 
NOT essential, or unless used in connection with strap, stiffener or frame, or where 
it is impossible to otherwise finish the edge. Also to be used for a "strength" weld, 
when edges of two plates set vertically to each other, as the edge of a box. 
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DESIGN OF WELD— Continued 




SlNTiLE BEVEL is a trrm applied to lh« edge finish of a plate, wlicn lli 
edge ii bnrlcd from ONE side only to an an|1e, the degrees of which are Ufl 1o th 
designer. To be used Sor "alrenglh" welding, when the cleclrode can be applied froi 
ONE side of the plate only, or where ic is impossible lo (rnish the adjoining wVidir 
surface. 




DOUBLE BEVEL is a term applied to the edge finish of two adjoining plat 
when the adjoining edges of both plain aie beveled from ONE side only lo 
angle, the degrees of which are left to the designer. To be used where maniim 

work only. 
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POSITION OF WELD 



EsbbBs^ 




PUTlHft 



FLAT position is determined when the welding material is applied to a sur- 
face on the same plane as the deck, allowing the electrode to be held in an upright 
or vertical position. The welding surface may be entirely on a plane with the deck, 
or one side may be vertical to the deck and welded to an adjoining member that is 
on a plane with the deck. 

HORIZONTAL position is detertnined when the welding material is applied 
to a seam or opening, the plane of which is vertical to the deck and the line of weld 
is parallel with the deck, allowing the electrode to be held in an inboard or out- 
board position. 

VERTICAL position is determined when the welding material is applied to 
a surface or seam, whose line extends in a direction from one deck to the deck 
above, regardless of whether the adjoining members are on a single plane or at 
an angle to each other. In this position of weld, the electrode would also be held 
in a partially horizontal position to the work. 

OVERHEAD position is determined when the welding material is a{^lied from 
the under side of any member whose plane is parallel to the deck and necessitates 
the electrode being held in a downright or inverted position. 
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KIND OF WELD 



TACK 




A TACK weld is applying the welding material in small sections to hold two 
edges together, and should always be specified by giving the SPACE from center to 
center of weld and the LENGTH of the weld itself. No particular "Design of weld" 
is necessary of consideration. 

A TACK is also used for temporarily holding material in place that is to be 
solidly welded, until the proper alignment and position is obtained, and in this case, 
neither the LENGTH, SPACE or DESIGN OF WELD are to be specified. 



CAULKING 



sr»iftPL'7* 




A CAULKING weld is one in which the density of the crystalline metal, used 
to close up the seam or opening, is such, that no possible leakage is visable under a 
water, oil or air pressure of 25 lbs. per square inch. The ultimate strength of a 
caulking weld is not of material importance, neither is the "Design of weld" of this 
kind necessary of consideration. The operator must be the judge in the number of 
layers needed for a tight weld, although the designer should specify a minimum 
amount of layers. 
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KIND OF WEU>— Continued 



STRENGTH 



SVMtOL 



8- 




A STRENGTH weld is one in which the sectional area of the welding material 
must be so considered that its tensile strength and elongation per square inch must 
be equal to at least 80 per cent, of the ultimate strength per square inch of the sur- 
rounding material. (To be determined and specified by the designer). The welding 
material can be applied in any number of layers beyond a minimum specified by the 
designer. 

The density of the crystalline metals is NOT of vital importance. In this 
iotm of weld, the "Design of weld" must be specified by the designer and followed 
by the operator. 



COMPOSITE 



«Yli1tOL*9' 





A COMPOSITE weld is one in which both the strength and density are of the 
most vital importance. The STRENGTH must be at least as specified for a "strength 
weld," and the density must meet the requirements of a "Caulking weld" both as 
above defined. The minimum number of layers of welding material must always be 
specified by the designer, but the welden must be in a position to know if this 
number must be increased according to the welder's wcrking condition. 
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REINFORCED 


TYPE OF WELD 


f^Z 




REINFORCED is a term applie.l lu a ueM wlici 
ing material ig built up above the plane of the surround 
or Fig, "B" above, or when used for a corner as in Fig 
layer should project above a plane of *S degrees lo 1 



the top layer of ihe 
ing material as at Fig. 
1 Fig. "C." The lop of the 
3 the adjoining material. 
45 degrees line is shown "doited" in Fig. "C" above. This type is chiefly us 
a "Strength" or "CompoHte" kind of weld for the purpose of obtaining the 
mum alrength efliciency, and should be specified by the designer, togelher w 



LU5H 




FLUSH is a term applied to a weld when the lop layer is finished perfectly 

"£" aboi-e or at any angle of 45 degrees when used to connect two surfaces at an 
angle to each other as at Fig. "F" above. This type of weld is to be used where 
a maxinium tensile ilrenith is not all impoilanl and Inust bc specified by die 
designer, together with a minimum number of Isyers of welding material. 



y®. 





CONCAVE is a term applied to a weld when the top layer finishes below the 
plane of Ihe surrounding material as at Fig. "(i" above, or beneath a plane of 4S 
degrees at an angular connection as al Figs, "H" and "J" above. 

To be UMd as a weld of no further importance than filling in a seam or 
opening, oi< for slriclly caulking purposes, when it ii found that a minimum amount of 

out leakage. In this "Type of weld" it will not be necessary for the designer ordi- 
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COMBINATION OF SYMBOLS 



STRAP we LP, REINrmUg 
COM^iMITt or 3 LAYef^5» 
VtlSTICAL, STSAICiHT. 




PLATF 



i 



This sketch and symbol shows a strap holding two plates together, setting 
vertically, with the welding material applied in not less than three layers at each 
edge of the strap, as well as between the plates with a reinforced composite finish, 
so as to make the welded seams absolutely water, air or oiltight, and to attain 
the maximum tensile strength. The edges of the strap and the plates are left in a 
natural or sheared finish. This type of welding is used for most particular kind of 
work where maximum strains are to be sustained. 




STRAP WELP» PLUSH* 
STRENGTH OF 3 LATERE, 

HORIZONTAL, FLAT ANP 
OVCRHEACl POUBLC BIVCL. 




This illustration shows a strap holding two plates together horizontally, 
welded as a strength member with a minimum of three layers and a flush finish. 
Inasmuch as the strap necessitates welding of the plates from one side only, both 
edges of the plates are beveled to an angle, the degrees of which are left to the 
discretion of the designer. The edges of the strap are left in a natural or sheared 
state, and the maximum strength is attained by the mode of applying the welding 
material, and through the sectional area ])er square inch exceeding the sectional 
area of the surrounding material. 
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COMBINATION OF SYMBOLS (Continued) 




STRAP TACK, OVCKHeACi 
B^CrNTCR TO CEHTCR^ 

4- LONe, BujT, REinroRccp, 

COMPOSITE or 3 LAYERS. 
FLAT, STRAI^XT. 



MCi.9 




This symbol represents two plates butted together and welded flat, with a 
composite weld of not less than three layers, and a reinforced finish. A strap is 
attached by means of overhead tacking, the tacks being four inches long and spaced 
eight inches from center to center. In this case, the welding of the plates is of 
maximum strength and water, air or oiltight, but the tacking is either for the 
purpose of holding the strap in place until it may be continuously welded, or because 
strength is not essential. All the edges are left in their natural or sheared stale. 



np 



DUTT WELD, CONCAVE, 

CAULKiNa or t layc:r5^ 

FLATi STRAIGHT 



FLAT 




druAiqHT 



The symbol shown represents a Butt Weld between two plates with the weld- 
ing material finished concaved and applied in a minimum of two layers to take the 
place of caulking. The edges of the plates are left in a natural shear cut finish. 
This symbol will be quite frequently used for deck plating or any other place where 
strength is not essential, but where the material must be water, air or oiltight. 
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COMBINATION OP SYMBOLS (Continued) 




bUTT WC:i-D» RCINrORCCD. 
STRCNflTH or 3 LAYERS, 
VERTICAL, D0U5Lt WEZ. 



I^LATCL 




ftOUDUC VCC. 



^ 



PLATE 



VERTICAL WCLft 



This symbol is used where the edges of two plates are vertically butted 
tof^ether and welded as a strength member. The edges of the adjoining plates are 
finished with a "Double Vee" and the minimum of three layers of welding material 
applied from each side, finished with a convex surface, thereby making the sectional 
area per square inch of the weld, greater than that of the plates. This will be a 
conventional symbol for shell plating or any other members requiring a roaximiim 
tensile strength, where the welding ran be done from both sides of the work. 




BUTT WtLD^ TLUaH. 
COMPOSITE or 3 LAYER i^ 
TLAT, 0OU5LE BtVEL. 



FWAT wi:l» 




I X. 3 

D«wai.a »ftvak- 



This symbol shows two plates butted to(;ether in a flat position where the 
welding can only be applied from the top surface. It shows a weld required for 
plating where both strength and water-tightness are to be considered. The weld- 
ing material is applied in a minimum of three layers and finished flush with the 
level of the plates. Both edges of the adjoining plates are beveled to an angle, 
the degrees of which are left to the discretion and judgment of the designer, and 
should only be used when it is imi>ossible to weld from both sides of the work. 
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COMBINATION OF SYMBOLS (Continued) 




LAP WCLR CONCAVE. 
CAULKING OP Z. LAYERS, 
DVCRHCAP ANP FLAT, 
STRAIGHT. 



FLAT WELP 




The sketch shows the edges of two plates lapping each other with the welding 
material applied in not less than two layers at each edge, with a concaved caulking 
finish, so applied as to make the welded seams absolutely water, air or oiltight. The 
edges of the plates themselves are left in a natural or sheared finish. Conditions 
of this kind will often occur around bulkhead door frames where maximum strength 
is not absolutely essential. 




LAP WELq REINFORCEP, 
STRENaXM or 3 LAYERS 
ANP TACKiNG, IfiT CENTER 
TO CENTER, 6" LONG, 
VERTICAL, 5TRAiaHT 




VERTICAL WCL 



The illustration herein shown is somewhat exaggerated as regards the bend- 
ing of the plates, but it is only shown this way to fully illustrate the tack and 
continuous weld. It shows the edges of the plates lapped with one edge welded 
with a continuous w^eld of a minimum of three layers with a reinforced finish, 
thereby giving a maximum tensile strength to the weld, and the other edge of the 
plate, tack welded. The tacks are six inches long with a space of twelve inches 
between the welds or eighteen inches from center to center of welds. In both cases, 
the edges of plates are left in a natural or sheared state. 
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COMBINATION OP SYMBOLS (Continued) 



PLU6 ANP LAP WLLC^ 
STRCN^TN OP 3 LAYERS 

PLUSH, FLAT, OVER HEAP, 
HORIZONTAL.. ^^vi 

rCAT WCLP 





The sketch shows a condition exaggerated, which is apt to occur in side 
-plating where the plates were held in position with bolts for the purpose of align- 
ment before being welded. The edges are to be welded with a minimum of three 
Jayers of welding material for a strength weld and finished flush, and after the 
bolts are removed, the holes thus left are to be filled in with welding material in a 
manner prescribed for strength welding. The edges of the plates are to be left 
in a natural or sheared state, which is customary in most cases of lapi)ed welding. 




PLUG ANP FILLET WtLR 
REINPORCEP, 6TREN4TH OF 
3 LAYER&p FLAT, ^IN^LE 
ftEVElL^ ANP STRAIGHT 




The adjoining sketch shows a pad eye attached to a plate by means of a 
iillet weld along the edge of the fixture, and further strengthened by plug welds in 
two countersunk holes drilled in the fixture. The welding material is applied in a 
fiat position for a strength weld with a minimum of three layers and a reinforced 
finish. The edges of the holes are beveled to an angle, which is left to the judgment 
of the designer, but the edges of the fixture are left in their natural state. This 
method is used in fastening fixtures, clips or accessories that would be subjected to 
an excessive strain or vibration. 
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COMBINATION OP SYMBOLS (Continued) 



\5i7 COMPOSITE T>F 3 LAYER>, 
V '''■*t VtBTICAU AND 



Thii lUaatraiion shcin-s ■ fixture ktUch«d to ■ piste by mom of • compoilt 
ot not ]*■■ than thrM layers with ■ reinforced flnlah. Tbs flilure bains pluw 
eilly, neceaiiUtea ■ combination of ilU, vertical and overhead weldiai In tk 
la of iti erection. Although a flxlure ot thia kind wonid never be required t 
itfrtiKhl, the compoaile symbol is simply as a pDaalbility ot ■ combioalion. 



V 



riLLET WCLP, TLUiH, 
6TReNaTH OF 3 LAYERS, 
FLAT, STRAIGHT. 




Allure attached to a plate by a strength fillet weld 
Dished flush. The edges of the flxlurs are left in 
tfaelr natnrat aUle, and the welding: mkterial applied in the corner formed by the 
vertical edge of the fixture in eonUcI with the face oE the plate. 
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COMBINATION OP SYMBOLS (Continued) 



K.-ry ) T'EE VTEL-P, FLUSH, 
\J>y 6TRENaTH OF 3 LAYERSy 
^""^ FLAT, 6tN(iLC Vte. 




! 



The adjoining sketch illustrates the edfire of a plate welded to the face of 
another plate, as in the case of the bottom of a transverse bulkhead beins* "welded 
airaiuRt the deck plating. To obtain a maximum tensile strength at the joint, the 
edge of the plate is cut to a "Single Vee" and welded on both sides with a strength 
weld of not less than three layers, and finished flush. This would be a convenient 
way of fastening the intercostals to the keelsons. In this particular case, the "weld- 
ing is done in a flat position. 




TCC WELD, RCINFORCCP^ 
&TREN(iTH OF 5 LAY£R5^ 

6INQLC VCfc. 




This symbol shows another case of Tee Weld with the seam setting in ^' ^^ ir>u 
cal position, and the welding material applied from both sides of {he worl^* 
edge of the plate is finished with a "Single Vee*.' and a minimum of thre« J^^ 
of welding material is applied from each side, finished with a convex surface, t»*^ 
making the sectional area, per square inch of the w^ld, greater than that of •*»^ *^ 
allowing for a maximum tensile strength in the weld. 
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COMBINATION OP SYMBOLS (Continued) 




5TRAP ANP TCE >HeLP» 
FLAT, RCINPORCeC^ TACK, 
irCCNTCR TO CENTER, 
4" LON(j, SINGLE BEVEL, 
OVERHEAD, ^TREN6TH OF 
^ LAYERS, PLUSh. 




The illustration herein shown represents an example of the possible combina- 
tion of symbols. An angle iron is tack welded to the plate in the form of a strap 
or stiffener, though in actual practice, this might never occur. The tacks are 
spaced twelve inches from center to center, and are six inches long, and applied 
in a flat position, with a reinforced finish. As the strap prevents welding the plate 
from both sides, the edge of the plate is beveled, and the welding material applied 
for strength in not less than three layers in an overhead position and finished flush. 
Note that in specifying tack wields, it is essential to give the space from center to 
renter of weld, and length of weld by use of figures representing inches placed either 
side of the circumscribing symbol of the con^bination. 
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Report No. 16 



SECTION A 



INVESTIGATION OF ELECTRIC WELDING 
METHODS AND CONTROL. 

THE WESTINGHOUSE COMPANY'S ACTIVITIES IN 

ELECTRIC WELDING. 

Mr. C. E. Skinner, of the WestinghoUse Electric and 
Manufacturing Company, Pittsburgh, has kindly submitted a 
diScu^ion prepared by Mr. O. H. Eschholz, on some phslses of 
electric welding, including : 

(A) Investigation of electric welding methods and 

control. 

(B) Electric welding equipment. 

(C) (1) Preparation of work for welding. 

(2) Arc and electrode data. 

(3) Added metal necessary. 

(D) Strength and structure of electric arc welds. 

(E) (1) Micro photographs of welds. 
(2) Sundry tables and charts. 

REPORT ON ARC WELDING EXP. ORDER 6-5509. 

SUMMARY. 

Object 

Briefly, the purpose of the investigation was to obtain a 
better knowledge of the factors which determine the produc- 
tion of good welds and to accumulate data which would assist 
in the wider application of welding. 

Procedure. 

Observations of equipment, performance and welding 
operation were made at the works. Tests were run on the 
150 ampere, experimental con^ant current generator and a 
500 ampere, 75 volt, constant potential generator installed in 
Research Test No. 1. Test welds were made by experienced 
shop operators, the type of weld representing commercial 
welding conditions. No tests were made on competitive ap- 
paratus. 
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RESULTS AND CONCLUSIONS. 

Welding Equipment. 

(1) The importance of the generator and circuit design 
in the production of a good weld has been overstated in weld- 
ing literature. 

(2) In general, an expert operator can obtain practically 
as good results with an indifferent equipment as with one em- 
bodying every refinement. 

(3) It is possible by comparatively simple modifications 
to greatly reduce the degree of skill required for proper elec- 
trode manipulation and thereby greatly extend the field of arc 
welding. 

(4) It is our conclusion that an equipment having a low 
generator and arc voltage, a constant arc current characteristic 
and series reactance will facilitate the production of good 
welds to the extent that further improvement in welding will 
be dominated by type of electrode used and operator equation. 

(5) One or more of the following types of equipment 
may prove desirable for varying application. 

(A) Constant current generator, 150 to 200 amperes 
capacity, having characteristics suited to arc welding for 
a single operator. 

(B) Constant potential generator, 45 volts, for mul- 
tiple operators utilizing series reactance and resistance in 
each circuit. 

(C) Constant potential generator for miscellaneous 
use for permitting a voltage variation from 45 to 75, en- 
abling the operator to draw a long arc with pencil or car- 
bon electrode, as occasion demands. 

Electrode Holders. 

(6) Overheating of pencil or carbon holder grips greatly 
increases the time for welding and the skill required to main- 
tain a constant short arc length. 

(7) The following modifications are suggested : 

(A) Shunt electrode cable around grip and thorough- 
ly heat-insulate grip from electrode and cable contact. 

(B) Modify pencil contact so operator can release or 
admit pencil without changing grip and touching hot sec- 
tion of holder. 

(C) Heat-insulate electrode contact spring. 

(D) If the demand for heavy cutting justifies the de- 
velopment expense, it would be desirable to further modi- 
fy the carbon holder to prevent excessive generation of 
heat at electrode contacts and electrode proper and to pro- 
vide the end of holder with insulating buflfers to eliminate 
short circuiting arc on. marking deep cuts. 
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Welding Glasses. 

(8) The Corning Glass Co. has developed a number of 
glasses of varying density and selective absorption for arc 
welding. Grades No. 6, No. 8 and No. 12 of Noviweld have 
been found to greatly reduce eye strain. 

Automatic Control. 

(9) It is the consensus of opinion that any automatic 
equipment requiring the use of switches and movable parts 
undesirably complicates the welding system. 

Welding. 

(1) The strength of a steel weld is affected by a number 
of variables which are all under the operator's control. In 
general it may be stated that welds made by an average oper- 
ator with suitable electrodes will have an ultimate tensile 
strength of 25,000 to 35,000 lbs. per square inch, an elongation 
of 3 to 5% and reduction of area of 7 to 11%. 

Under favorable conditions of small weld, skilled operator 
and proper electrode, a tensile strength as high as 50,000 
pounds per square inch, an elongation of 11 % and reduction 
of area of 15% may be secured. 

(2) To obtain a strong weld, good fusion and low slag 
content are of prime importance, thermal disturbance of adja- 
cent metal and shrinkage strains are of less importance, ex- 
cepting when welding cast iron. 

(3) The use of a short arc during welding greatly im- 
proves fusion, reduces slag formation and time and energy for 
making weld. 

(4) Porosity is caused by excessive oxidation of molten 
deposit as well as by gas occlusion. The use of a short arc 
reduces porosity by enveloping the incandescent deposit with 
an inert oxide Hame, which prevents access of oxygen. 

The porosity produced on breaking arc at electrode is due 
to exposing the crater deposit to rapid oxidation when the arc 
is lengthened. The degree of porosity is determined by speed 
of breaking arc, arc length (dependent on circuit characteris- 
tics),' arc current and electrode. 

(5) The electrode used determines to a large extent the 
stability of arc current, fusion, amount of slag, and weld 
porosity. 

(6) In passing from the bare metal pencil to the weld 
the electrode material is refined, the alloying constituents be- 
coming oxidized and condensing as slag; the filler metal thus 
approximates the chemical composition of commercially pure 
iron. 

(7) Roebling wire gave the best results for general use 
of the electrodes tested. 
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(8) When a non-porous single deposit is required, the 
Quasi Weldtrode gives be^ results and Roebling better than 
Norway. 

(9) The superior performance of Roebling is attributed 
to the use of manganese and the comparative purity of the 
metal. A large percentage of manganese results in excessive 
slag. It is doubtful whether Roebling has the most advan- 
tageous manganese content. 

(10) The ideal electrode should enclose the vapor stream 
and molten deposit with a permanent, inert gas. It should 
feed quietly, without the sputtering and globule formation 
characteristic of most electrodes. Its melting point should be 
the same as that of the metal welded and the molten metal 
should solidify quickly and not flow over unfused portions 

of weldw- 

An electrode having such characteristics would greatly 
reduce the skill required in the production of a good weld and 
would assure the transference to the weld of suitable alloying 
constituents. 

The Quasi Weldtrode and Carbonized Electrode are ap- 
proximations to this ideal. 

(11) Data on weld strength, electrode diameter and cur- 
rent, cutting rate for C. I. and exhibits of various types of 
welds and deposits are contained in body of report. 

Detailed discussion is appended on : 

(1) Welding Equipment. 

(2) Welding. 

(3) Strength and Structure of Steel Welds, 

(4) Cast Iron Welding. 
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SECTION B 



ELECTRIC WELDING EQUIPMENT. 

Welding Equipment. 

The function of a special welding equipment is to sim- 
plify the production of reliable welds. This necessarily in- 
volves that the degree of skill required and the opportunities 
for producing inconsistent results be reduced to a minimum. 
Furthermore, that welding accessories, such as electrode 
holders, masks, glasses and clothing should be selected which 
offer the maximum of comfort and ease in the manipulation of 
the arc. 

Constant Current vs. Constant Potential. 

• 

The terms used in designating welding equipments have 
unfortunately led to considerable confusion. The heat devel- 
oped in the arc and at electrode terminals is essentially a 
function of the current flowing. Since a uniform welding tem- 
perature is desired throughout the welding operation and as 
the difficulty of manipulating electrode increases with current 
fluctuations, it is obvious that a practically constant arc cur- 
rent must be maintained, if reliable welds are to be secured. 
This has been recognized by constant potential equipment 
manufacturers in the insertion of a series resistance in the arc 
circuit. It is evident, regardless of the type of generator us^ed, 
that the purpose of every welding equipment is to maintain a 
constant arc current and, therefore, such equipments are essen- 
tially constant current systems. 

Whether a constant current system having a constant cur- 
rent generator is preferable to one using a constant potential 
generator is dependent on the constancy of current required, 
complexity, flexibility and cost of the system. It appears to 
have been overlooked that a constant current machine does 
not necessarily maintain a constant arc current, in fact the 
attached oscillograms clearly show large instantaneous varia- 
tions exceeding those obtained when using a constant poten- 
tial generator with series resistance. 

The relative ease with which good work can be produced 
depends upon the design of the equipment. It is well known 
that less skill is required to maintain an arc supplied from a 
125-volt source than from a 3S-volt source, due to greater 
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constancy of current with larger permissible variation in arc 
length at the higher voltage. However, it is also generally 
conceded that a short arc length must be maintained to pre- 
vent excessive porosity, slag formation and to secure good 
fusion. A high voltage sfupply requires less skill for the 
maintenance of the continuity of the arc, however, by permit- 
ting considerable fluctuation in arc length, inferior welds may 
readily be produced. 

Generator and Circuits. 

The simplest form of welding unit for a single operator is 
the constant current generator with series reactance ; for mul- 
tiple operators, a constant potential generator having a flat 
voltage characteristic and series reactance and resistance for 
each operator. Automatic control, involving switching de- 
vices, complicates the system, increases liability of shutdowns, 
first cost, maintenance and grade of operator. 

Arc Characteristics. 

Oscillograms A, B, C, D, E, F, G show the arc current 
and voltage characteristics under greatly varying conditions. 

No Series Reactance. 

Oscillograms A and C show the normal performance of 
constant potential and constant current generators. It will 
be noted that a more constant current is obtained from the 
75-volt, C. P. generator than from the experimental 150-am- 
pere, C. C. machine. An inspection shows the frequency with 
which electrodes stick to weld and the difficulty encountered 
in preventing breaking of arc on separating electrode. It 
should be noted that for the same average current load the 
instantaneous current at start, which facilitates "freezing," is 
much higher with this particular C. C. than with, the C. P. 
generator. 

Series Reactance. 

Oscillograms B and D show the improvement in con- 
stancy of current obtained by the use of a series reactance of 
.0035 henries. The initial current rush in A is 220 amperes, 
on drawing the arc the current decreases to 40 amperes or less, 
but when using reactance as shown in B the instantaneous 
current is but 150 amperes, which then drops to 65 amperes. 
Oscillogram C shows a starting current of 460 amperes and a 
reduction to 30 or less amperes on separating electrodes, while 
Oscillogram D shows respectively 340 and 160 amperes. 

It is evident that by checking the rush of current at mak- 
ing contact and by sustaining it on drawing the arc, the react- 
ance largely prevents fusion of electrode and breaking of arc, 
thus reducing the skill required in electrode manipulation. 
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Other oscillograms have shown the current variation with 
C. P. generator operated at 65 volts. No change in current fluc- 
tuation was noticeable. A skillful operator can maintain an arc 
continuously at 35 volts with the use of a series reactance. It 
is believed that a welder accustomed to a 60-volt C. P. supply 
without series reactance would have no serious difficulty in 
utilizing a 45-volt supply with series reactance. It is obvipus 
that the reactance serves only to check rapid current changes 
and, therefore, the current fluctuation would be greater for 
same arc length variation when using the low voltage unit. 

It is conceivable that a skilled operator would use this 
characteristic to vary the concentration of arc energy on the 
weld and thus enable him to compensate for differences in 
temperatures between various zones of the welded joint. 

Electrode. 

The intermittent current peaks shown on these oscillo- 
grams are produced by changes in arc resistance caused by 
electrode characteristics. The following films clearly show 
the current variations obtained, due solely to type of electrode 
used: 

B — Roebling electrode. 

E — Hot rolled steel electrode. 

F — Quasi Weltrode. 

Variations produced by Norway, Toncan and cold rolled 
steel electrodes were similarly observed. 

The Quasi, Norway and Roebling show an increase of 
less than 25% over normal current while the use of H. R. S. 
causes an increase of 70%. The large variation in current ob- 
tained by using Toncan, H. R. S. or C. R. S. increases the 
difficulty of manipulating the arc and, therefore, of making a 
satisfactory weld. 

Polarity. 

With the polarity reversed, current peaks are increased 
due probably to the tendency for a larger globule of metal to 
form with the electrode positive and short circuiting arc. 

Arc Length. 

For reasons already noted the use of a short arc is essen- 
tial. Although most operators quickly learn to maintain the 
proper length, the use of a high voltage supply permits con- 
siderable variation. Automatic limitation of arc length may 
be secured by the use of arc limit SAvitches or low voltage sup- 
ply. The use of switching equipment definitely limits arc 
length to a predetermined value and compels the operator to 
maintain a short arc. However, the results obtained do not 
appear to warrant the complicated control. A low voltage 
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supply is a compromise which avoids the use of a complex 
equipment but does not permit as clos'e an adjustment of arc 
length, particularly in systems which require series resistance 
and reactance. 

ACCESSORIES. 
Pencil Holder. 

Continuous operation for half an hour on an arc current 
varying from 150 to 175 amperes caused the pencil holder to 
become uncomfortably hot, thereby greatly increasing the dif- 
ficulty of maintaining a constant arc length. 

The importance of heat insulation in carbon holder design 
is shown by the fact that the handle of a special holder, in 
which the grip was shunted by the cable, became excessively 
hot in 8^ minutes when cutting with 650 amperes, due largely 
to the heat conducted from the incandescent carbon. 

Glasses. 

Discomfort may be experienced with most glasses due 
to the transmission of a considerable quantity of radiations 
of the longer wave lengths. Most operators become accus- 
tomed to the resulting red blur. However, when eye strain 
develops the use of Noviweld glasses, No. 8 or No. 12, is ad- 
vised (Corning Glass Co.). 

The preference for a hood or mask depends upon the 
accessibility of the weld. For practically all, except possibly 
overhead welding, the hood is preferable, due to better ventila- 
tion and the fact that its weight is supported by the shoulders. 

Clothing. 

Direct as well as reflected arc light will produce severe 
burns. Loosely woven, light clothing does not protect oper- 
ator from the ultra-violet radiation. It is desirable to provide 
welders with a heavy, closely woven fabric which will absorb 
and deflect both the objectionable radiations and sprays of 
molten metal. 
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SECTION C 



(1) PREPARATION OF WORK FOR WELDING 

(2) ARC AND ELECTRODE DATA. 

(3) ADDED METAL NECESSARY 

Welding 

With an equipment available embodying the above fea- 
tures, the success of arc welding is dependent upon the knowl- 
edge, skill and* judgment of operator. By the choice of weld 
scarf, electrode, arc current and by proper electrode manipula- 
tion, the operator largely determines degree of fusion, slag 
content and porosity of weld. 

Fusion- Weld Scarf 

Figs. 1, 2 and 3 show the degree of fusion obtained when 
welding 1" thick steel plate and using (see Section E, Page 

247.) 

(1) A 60^ scarf. 

(2) A 60° scarf with section separated J^". 

(3) A 90** scarf with section separated }i". 

Better results: were obtained in weld shown in Fig. 2, ow- 
ing to the greater accessibility of the bottom of the V. Less 
skill is required to satisfactorily fuse a 90** scarf than a 60** 
scarf. In general it is advisable to use a 90° scarf with a 
separation of sections of t*^" to J^". When heavy material is 
welded the angle of the upper part of scarf may be reduced to 
60° to shorten time of filling weld. A good weld will always 
show a projection of filler material on reversed side, which is a 
rough check on the degree of fusion at the bottom of V. 

Arc Length 

Figs. 4 and 5 illustrate fusion obtained with respectively 
a short, 22 volts, and a long, 38 volts, arc when operating a 
Norway iron electrode on 125 amperes. The better fusion, 
greater concentration of deposited material and smaller zone 
of thermal disturbance is evident when using the short arc. 
Figs. 6 and 7 show respectively, the surface porosity obtained 
with short and long arcs. The short arc deposit is practically 
free from porosity due to the protection of molten metal from 
rapid oxidation by the enveloping flame of vapor oxides. 
When using a long arc, draft currents blow this oxide from 
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the weld surface, thereby exposing the deposited metal to oxi- 
dation. Since the use of a short arc concentrates both the 
electrode deposit and arc flame, rapid filling and good fusion 
are secured. 

Arc Current and Electrode Diameter 

Curve No. 1 and Table 1 give the desirable limiting 
values of arc current and electrode diameter which operator 
should observe. This information is based on the experience 
of a large number of shop welders. It will be noted that the 
A" electrode and 150 amperes arc current have the greatest 
range of usefulness. 

Fig. 9 shows the poor fusion and porous structure ob- 
tained when using a current of approximately 115 amperes on 
V material, while Fig. 8 shows the improvement secured by 
increasing the current to approximately 160 amperes. 

Curve No. 2 plotted from data obtained by Mr. Get- 
ting, shows the variation of weld strength for different arc 
currents. It will be noted that at 100 amperes the strength of 
weld was not sufficient to permit machining, while at 175 am- 
peres it approximated the strength of filler material. 

Welded joints do not appear to be appreciably affected by 
small variations in electrode diameter. In general, too large 
an electrode diameter for a given current results in slow dep- 
osition of metal ; increasing the arc current to obtain more 
rapid deposition will result in excessive heating of weld with 
the liability of melting through weld. An excessive current 
also produces deeper fusion, but not better fusion, and hence 
requires more filling material. Too small an electrode diam- 
eter for a given current will result in the dropping of large 
globules from electrode and hence imperfect fusion ; reducing 
arc current, when mass of weld is large, will also reduce de- 
gree of fusion. 

Electrode 

The electrode used determines to a considerable extent 
current variations (see oscillograms), hence ease of arc 
manipulation, porosity and slag content. 

Porosity 

• 

Figs. 10 and 11 show respectively, polished surface of 
Roebling and Quasi deposits. It appears impossible to pre- 
vent porosity altogether. However, the illustrations show a 
lesser degree of porosity for Quasi, due. doubtless, to the pro- 
tecting slag coating. The use of Norway iron results in 
greater porosity. Blow holes are caused by the liberation of 
occluded gases, the reduction of oxides and consequent forma- 
tion of CO, and the inclusion of vapors or permanent gases 
during the welding operation. 

238 



Report Number Sixteen 

Slag 

Slag consists largely of oxides of iron and alloying con- 
stituents. Its presence is controlled by choice of elec- 
trode and its manipulation. The illustrations of weld 
sections show the relative amount of slag and porosity in 5" 
wide, 1" thick welds obtained with different electrodes. The 
excess of slag present in a Quasi weld is due to the formation 
of large quantities of Sio„ AljO, and MgjO, from the vaporiza- 
tion of the asbestos wrapping. The large amount of slag in 
the Norway weld is caused by the heavy oxide coating on 
electrode as well as the large slag content characteristic of this 
iron. The improved appearance of the Roebling weld is due 
to the cleaner iron and the presence of an appreciable amount 
of carbon and manganese, which tend to prevent formation of 
iron oxide. 

Electrode Manipulation. 

The skill and knowledge required is dependent upon the 
nature of the welding operation. In some industries, notably 
railroad repair shops and our own works, the welder is con- 
fronted with widely divergent problems which demand con- 
siderable ingenuity, a broad mechanical knowledge and a thor- 
ough comprehension of the capabilities of arc welding, for sat- 
isfactory solution. However, there is a rapidly growing list of 
manufacturers who utilize arc welding as a process in the pro- 
duction of standard apparatus and, therefore, achieve good 
results with cheaper labor. 

The welding apprentice should be cautioned against ex- 
posing any part of his body to either direct or reflected arc 
light, and be assured that the low voltage electric circuit is 
harmless. 

The operator should always endeavor to maintain the 
shortest possible arc length. This is particularly difficult for a 
beginner, owing to frequent "fFcezing" of electrode due to 
irregular deposition, current fluctuation and incorrect rate of 
feeding electrode. It is generally admitted that the instinct to 
maintain a short arc length can be developed quicker by start- 
ing with a high generator voltage and, as the operator becomes 
more adept, decreasing the voltage. 

Preparation. 

The sections of the weld should first be properly scarfed 
either by cutting, chi])ping or melting excess material with car- 
bon electrode, until the requisite angle of 90° is secured be- 
tween scarfed faces. In practically every weld more than yi" 
thick it is advisable to separate sections approximately }i'\ 
The series resistance or the generator voltage should be ad- 
justed to deliver the proper arc current. With a metal pencil 
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of suitable composition and diameter the operator is ready to 
begin welding. In general the welded piece should form the 
positive terminal and the pencil electrode the negative, ex- 
cepting for sheet welding. 

Welding. 

The operator should fill the V section in layers beginning 
at the apex of the V. A short arc length should be maintained 
and electrode held so that the arc flame will envelop the newly 
deposited metal. Good fusion will be secured if the arc bites 
into the scarfed surface forming shallow pools of molten metal. 
Since the temperature of the weld increases with prolonged 
operation the filling process is slower at the start. Proper 
fusion and minimum slag content are of prime importance. To 
secure the desired fusion every part of the scarfed as well as 
deposited metal surfaces must become the crater of the arc. 
It should be noted that poor fusion is obtained when the mol- 
ten metal overruns the adjacent surfaces unless the arc is 
brought in contact with the overrun area. A description of the 
color of the deposited material or slag is apt to lead to confu- 
sion owing to the different colors of protecting glasses in use. 
However, it is advisable as a rule to bring the filler metal and 
adjacent parts of the weld to a bright red heat, as viewed 
by the naked eye, in order to secure partial annealing. Some 
annealing may be secured by burying hot weld in a sand box. 

Slag. 

Slag usually floats on the molten metal as a dull colored 
scale, since it cools faster than the iron. As a considerable 
amount of slag may be suspended in the metal the deposited 
material should be maintained sufficiently long in the molten 
state to assure the flotation of all slag; this can be collected 
readily about a nucleus by a circular movement of the elec- 
trode and worked to the edge of the weld or chipped and 
brushed off. 

Thermal Treatment. 

Owing to the localization of intensive heat, considerable 
strains are produced in filler and weld body due to unequal 
contraction. By depositing the filler material in layers these 
strains are largely reduced because partial annealing is se- 
cured. As advised above, wherever practicable the whole weld 
should be completely annealed. On cooling the alignment of 
the weld shanks will be changed, unless they are rigidly held, 
which is undesirable, due to the internal strains produced, in 
most cases an experienced welder can allow for such distortion. 

Inspection. 

A weld may be readily inspected for fusion and slag con- 
tent by observing the surfaces of sections parallel and at right 
angles to the weld after having been ground and etched with 
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dilute nitric acid. This examination is so simple that it 
should be utilized as a check by all employers and instructors. 
The slag content and blow holes can be readily detected. 
Proper fusion is obtained when the scarfed surface showsf an 
irregular outline without slag intervening between it and the 
filler metal. 

Whether or not the operator is maintaining a short arc 
length is indicated by the arc voltmeter. In general a voltage 
of 22 or less should be obtained. With certain electrodes such 
as the Quasi Weldtrode this may be exceeded. 

Welding Time. 

This depends on the amount of preparation required, the 
necessity for preheating or annealing, the arc current, electrode 
diameter, degree of care exercised to secure thorough fusion 
and minimum slag. 

The time required for filling the 5" wide by 1" thick H. 
R. S. welds scarfed at 90° varied from 20 minutes to one hour. 
The shortest period was obtained when using a 24" long, J4" 
diameter electrode, with but moderate care in removing slag, 
the longest period when using a 5/32" diameter 16" electrode 
and exercising every precaution to eliminate slag and internal 
stresses. A fair average time for this type of weld should be 
35 minutes or approximately 10 cubic inches an hour. 

FUling. 

The volume of electrode material required depends also 
upon the above factors. In the test welds the volume of elec- 
trodes required varied from 1.4 to 2.3 times the volume of weld. 
It is believed that under average conditions an electrode vol- 
ume of approximately 1.8 times that of weld volume would be 
required. This large excess clearly shows that with the pres- 
ent method large amounts of slag are produced. 

Cutting. 

In view of the data accumulated and published by Mr. 
Auel and the G. E. Review, no tests have been made on the 
rate of cutting steel plates. 

It is generally known that cutting with the electric arc 
produces a wide gap leaving the metal with very irregular 
edges. In view of the applicability of the oxyacetylene and 
oxyhydrogen torches to this field it does not seem expedient 
to advise the adoption of arc cutting on a large scale, excepting 
for cast iron. 
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SECTION D 



STRENGTH AND STRUCTURE OF ELECTRIC ARC 

WELDS. 

Weld Strength, 

The strength of welded sections of hot rolled steel, boiler 
plate, cold rolled steel, pure iron and cast steel \s determined 
in practically every case by the degree of fusion and the 
strength of filler. No narrow limits can be set at the present 
time of the strengfth of such welds and it must be recognized 
that due to the type of electrode used, arc manipulation, size 
of weld and difficulty of depositing filler, large variations in 
weld strength will occur. With further study and develop- 
ment the degree of reliability and such characteristics as duc- 
tility and tensile strength will be improved. 

Strength Data. 

A competent operator using Roebling electrodes should 
consistently produce steel welds having a tensile strength 
greater than 25,000 pounds per square inch and averaging 
40,000 pounds. Depending upon the care exercised and the 
size of welded section, the tensile strength may at times ap- 
proximate 50,000 pounds per square inch. The ductility of 
the average weld is poor, due to rapid cooling and the pres- 
ence of dissolved slag. However, a capable operator should 
produce welds having an elongation of more than 3% and a 
reduction of area exceeding 7%. 

Table No. 2 shows the strength of various welds. All 
welds with the exception of No. 21 were made by welding 1" 
thick by 5" wide hot rolled steel plates scarfed to 90° and 
separated %", Weld No. 21 was made by joining 1" square 
hot rolled steel bars scarfed 60° and spaced j^". 

It will be noted that: 

(1) Roebling electrodes gave the best results. 

(2) Considerable variation of strength occurs with same 
electrode. 

(3) Considerable variation of strength for round and 
square section due to slag distribution. 
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(4) The use of borax weakened weld. 

(5) The V square weld gave best results. 

(6) Norway weld produced by melting Norway rod into 
weld with carbon electrode is stronger than that obtained by 
using a Norway electrode. 

(7) Hot rolled steel electrodes produce very poor welds. 

(8) Fair welds were obtained with all the electrodes 
tested excepting H. R. S. 

(9) All welds failed either at line of fusion or in filler. 
In addition, Curve No. 2 shows the variation in weld 

strength for different welding currents when using Norway 
iron electrodes. The strength data is somewhat unfavorable 
owing to the use of Norway electrodes, a 60° scarf and no 
separation of scarfed sections. The shape of the curve shows 
excellently, however, the rapid variation of weld strength over 
a comparatively small range in current. 

Electrodes. 

No definite conclusion has been reached as to the effect 
on weld strength of employing electrodes having a high con- 
tent of carbon, tungsten, silicon, manganese, etc. The analyses 
made and discussed under "Composition" show very clearly 
the refining action occurring and the small per cent of alloying 
constituent, present in the electrode, transferred to the filler. 

Unquestionably the physical characteristics of welds are 
improved by using electrodes of appreciable carbon, mangan- 
ese, etc., content, owing to their tendency to oxidize more 
readily and thus prevent formation of iron oxide. It is antici- 
pated that further development of electrodes will result in 
increasing the dependability of arc welded joints as well as 
their strength and ductility and in decreasing the skill required 
in electrode manipulation. 

Composition. 

In Table No. 3 the chemical composition of electrode ma- 
terial is shown before and after deposition as filler in the weld. 
The marked refining effect due to the oxidation of the vapor- 
ized metal is evident. The variation in the amount transmitted 
is due to slight changes in arc length, draft conditions and 
globule formation. H. R. S., which produces the weakest 
welds, deposits the metal in large globules and, therefore, a 
greater per cent of the alloying constituents is transferred. 

Structure. 

The process of welding is essentially that of continuously 
casting small amounts of refined electrode material. Rapid 
and irregular rates pf cooling are, therefore, inherent charac- 
teristics of the operation. Examinations of welded sections 
always show a number of typical zones indicative of different 
rates of heat treatment. 
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Fig. 12 shows the sequence of structures present in a sec- 
tion through a deposit of Norway iron on mild steel magnified 
10 times. Figs 12 A, B, C, D and E show zones 1, 2, 3, 4, 5 at 
300 diameters. 

Zone 1 shows the original structure of slowly cooled low 
carbon steel. The dark areas show the location of the carbon. 
Here the carbon occurs as iron carbide in the metallographic 
constituent known as pearlite. 

Zone 2 shows the structure of zone 1 as modified by heat- 
ing to a temperature of approximately 750** C and cooling to 
below 600** C. within roughly 5 minutes. The temperature has, 
therefore, been high enough to cause the carbon of the pearlite 
areas to diffuse into the surrounding metal to some extent and 
the rate of cooling was sufficiently great to prevent reforma- 
tion of the well-defined pearlite areas. Physically, this zone 
may be somewhat harder and more ductile although the dif- 
ference, if any, would be but slight. 

In Zone 3 the temperature and time of heating have ex- 
ceeded those producing the structure in Zone 2. Considerable 
diffusion of the carbon has occurred and the reformation of the 
definite pearlite areas has been incomplete. Compared to the 
original material this would have slightly higher tensile 
strength and a slightly lower ductility. 

Zone 4 shows metal which has been heated to a tempera- 
ture approximating 950** C. The diffusion of the pearlite areas 
has been complete and the rate of cooling so rapid that the 
pearlite areas formed are small and very uniformly distributed. 
In comparison with the original material this would have a 
higher tensile strength and nearly as good ductility. 

Zone 5 shows the metal which has been fused by the 
action of the arc. Experience indicates that the ductility of 
metal melted under the highly oxidizing conditions of the 
welding process is greatly impaired. This is probably due to 
the presence of dissolved oxides, nitrides or even gases. The 
rate of cooling is so great that the deposited metal retains por- 
tions of the above compounds either mechanically or in solid 
solution. It IS highly probable that the low ductility of the 
fused metal is due to these compounds. The location of the 
impurities is marked by the irregular discontinuous lines. 

Strength of Altered Structure. 

These illustrations show that the welding operation does 
not materially change the structure of the steel beyond the 
fused portion. To completely check this conclusion tests 
were made by striking an arc on standard }/^" diameter test 
pieces. The results of the test are shown in Fig. 13. 

Test pieces No. 7 and No. 6-1, which broke beyond the arc 
contact zone, show the strength of the mild steel tested. It is 
evident that these tests support the above conclusions. Since 
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the ard drawn from No. 5-1 and No. 5-2 was supplied from a 
constant current generator and that from 6-1, 6-2 from a con- 
stant potential generator, the further conclusion is reached 
that the starting arcing conditions, regardless of the type of 
system used, do not materially affect the strength of the metal. 
Although no appreciable difference in strength was secured, a 
magnification of the cross section through the point of arc 
contact shows the same sequence of structures to a depth of 
about 1*^" discussed above. 

Weld Structure. 

Figs. 14 A, B, C and D show enlarged to 400 diameters 
the structure of Norway iron welds. Fig. 14 A illustrates the 
normal pearlitic structure of slowly cooled low carbon steel, 
similar to Fig. 12. Figs. 14 B and 14 C show respectively the 
appearance of good and bad junctions between original bar 
and deposited electrode material. Fig. 14 D shows a section 
of the filler metal parts of which are also shown in Figs. 14 B 
and 14 C. Fig. 14 D is of particular importance in that it 
clearly shows the occurrence of impurities and cementite in 
well defined planes or needles. 

Figs. 3 and 15 show the fusion and structure obtained 
in a Roebling weld. 

Fig. 16 shows a weld made using a Norway electrode and 
Fig. 17 a weld made by melting a Norway rod with carbon arc. 
It is evident that less slag is formed by the latter process due 
to the enveloping and protecting flame of CO,,. 

Figs. 20, 21, 22 show respectively, C. R. S., H. R. S. and 
Quasi Welds. 

Table No. 2 records the physical characteristics of the 
above welds. 

Cast Iron. 
Welding. 

The welding of cast iron presents greater difficulties than 
the welding of steel, owing to the weak structure of the mate- 
rial, its brittleness, the presence of many injurious elements 
and large quantities of free carbon. Furthermore, since the 
material deposited is usually pure iron having a different 
coefficient of expansion from that of cast iron, serious strains 
develop which often produce cracks in the weld or at the junc- 
tion of the materials. 

It is conceded that unless a cast iron weld is annealed it 
cannot be machined. Undoubtedly considerable advance can 
be made in cast iron welding, particularly in decarbonizing the 
cast iron surface by preheating in an oxidizing flame and in 
the selection of a suitable electrode material giving the proper 
filler characteristics. 
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With the knowledge at present available no great reliance 
can be placed on the production of cast iron welds. When the 
purpose is essentially that of filling and the material is to be 
but srlightly stressed the use of the process is legitimate. 

In general it may be observed that fair welds are produced 
with Roebling electrodes or by melting C. I. rods with the aid 
of the carbon arc. 

Deposits of Norway or Roebling electrodes on gray cast 
iron usually exhibit blow holes in the filler and porosity at 
the junction of the two metals. The structures show a change 
from cast iron, high in combined and graphitic carbon, to a 
hard high carbon sfteel at the weld boundary. During the 
fusion of the deposited material to the cast iron and its cool- 
ing some of the free carbon reduces the oxide slag forming 
pockets of CO or CO, and the remaining carbon permeates 
through the filler, tending to produce a low grade of hard cast 
steel. 

A close examination of such deposits is apt to reveal in 
addition to the slag content and porosity, numerous cracks in 
filler and in the line of fusion between the filler and cast iron. 

Curves Nos. 3, 4 and 5 give the rate of cutting cast iron 
used in which the grip was shunted by a cable, nevertheless, 
the maximum continuous operating period was but Syi min- 
utes. The time shown in curves does not include time taken 
to cool holder or rest operator. 
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(1) MICROPHOTOGRAPHS OF WELDS AND 
(2) SUNDRY TABLES 




StTtioii thnHUh welded bu tcari anole 60°, llliutrating euelleni fuikin obtBlned with con- 

ilwwina ihank mcUl at the left and depoilted HUma tame a In Fig. 1 einptlnB weld ihankt 

okUI from Melding electrode al the right, llliu- teparated H Inch at boltoni, theieby rendei<ng 

lilting poor fusion throughout lower (ectlon of Karl ftat mora uceulble. 
Hflil obtained due to not leparatlng weld shanks 
and to use of small scarf angle. 



Fig. 3 
Fusion obt^ned with platei uarled to 90°. Section al the left shows character of deposit 

nilerial, while tlw adjacent view illustrates the tu^on between deooelled material llett) and weld sha 
IS nvll ai Irregular leceislon from original straight scarfed face due to high temperature attained durl 
uiion. The light tone In shank metal adjacent fusion line Indicates structural change produced by hi 
rcjtmeni during welding operation. 



Fig. 4 
t, well fused deposit obb 



Fig. S 
DlHuied. ptnrly fused deposit t 
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Top vkw of icction (hown in Pis. S showing 
lurface poroilty. prevalencx of oxide globuki and 
wide w well u iiregulat deposition of nulerial 
characteTlMic of long arc operation. 







through depodted matcTial at top, Irvedom from 




porosity and >lag, excellent fusion at seari face 




(90° total angle] and lone of adjacent thanii metal 


FiC9 


modified by thermal changes. Welding current 




approximately 160 amperei. leclion of iur I" ■ 1". 


Section through poor weld due to low arc current. 








icarf. slag and porofity of deposited material and 




incomplete fusion with ihank metal. 
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FlS. 13 
NeSliflibk eHect of slriking an arc on the alrength and ductLlily ol 
Test Piece 5—1 S— 2 fr 1 

UUlDUte Tentile Strength 

Un. per tqiure Inch 49.200 49,100 46,(00 

Per cent Elonflatkin 43 41.T 41.S 
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Ft«.12f 

Sequence of Metallosraphic Stmclures encountered an paislnfl from plate Ihcougl) lonc ol 
liulon into depotlled metal. 

(a) Appearance ol Mquence enlareed five diameters. Zon: I showlnfl unchanged plate ""^ 
Zone 5 deposited metal, 

(b), (c), (d), (e), (f ) ihow lespecllvely lonet 1, 2, 3. 4, 5 enlarged to 50 tlmei original si" 
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. Metal of Orlalnal Bar <Flfl>. B ai 

, Section at Junction ol Original £ 

[ complete fusion. 

. Section at lunctlon of Original Bar and deposited Metal of Pig. 9 magnlAed to 400 dlamelers 

. Section of depoilted Metal (hown in Flfl. 9 magnified to 400 dlametcTi ihowlng preunce 
oxide and oementlte needle* or plato. 
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FK. 18 
Weld Sectloiu obuliud when luing Cold Rolled Slecl Electrodes. (See Tablet number 2 and 3). 



Weld Sections obtained on uMng Hot Rolled Slecl Etectrodes. 
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Approximate electrode siies and arc currents for various thicknesses of mild steel plates. 



1^9 tm oi C*'ii'***j CostJmron 




J« 



fP so ^O 70 



90 . ^00 ito ito n 






Rate of Cutting Square Cast Iron Blocks. 
(Does not include time required to cool electrode holder or rest operator. 



254 



Report Number Sixteen 




L 



20 40 60 

1 I I A^. 



C( Trent 
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I in AJnperji | | 



Change in weld stxength with change in welding current. 






I 
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i. 
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.^£. 



3 
Rate of Cutting Cast Iron Plates with Carlx>n Arc. 

(Does not include time required to cool holder or rest operator). 
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mt 




Rate of Cutting Circular Sections of Cast Iron. 
(Does not include time required to cool electrode holder or rest operator.) 
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TABLE No. 1. 

Approximate Arc Current and Electrode Diameter for Welding 

Various Thicknesses of Low Carbon Steel Plates. 



Thickness 



Current 



Pencil Diameter 






'%" 




A" 





A"- 


%' 


%"- 


Va" 


Va'- 


Vi" 


jr- 


Va" 


Va"- 


l" 


Abo 


ve 1" 



20- 50 
50- 90 
90-125 
125-150 
150-175 
175-200 



TABLE No. 2. 

Strength of Welded Hot Rolled Steel Plate. 

Plate Thickness— r. 
Width— 5". 

scarfed to 90°, sections separated W'- Tests made on '/a" square 
bars and standard J/l" diameter test bars cut from each weld. 



<t 



«< 



Lit. Ten. Test 

Electr<Kle Lhs. per Str. sq. in. V^" dia. Bar 

Fig. Description Dia. Current 7-g" sq. bar J^" dia. % Elong. % Red. 



3 Roebling A" 175 49,660 

A" 155 35,350 

+ borax.. A" 155 29,400 

15 Roebling A" 155 

(Weld #21) 

16 Norway 147 180 33,250 

17 " + 250 35,000 

carbon electrode 

18 C R. S A" 185 28,000 

19 H. R. S J4" 180 13.400 

%" 185 25.300 

^" 160 10.190 

20 Quasi %" 185 32,790 



32,700 
39,375 
22,875 
48,750 



3.25 

5.7 

• • ■ • ■ 

11.3 



7.0 
11.5 

• • • • 

15.2 



24,750 8.5 

36,700 5.5 12.6 

33,800 3.25 9.7 

17,875 "z's *3.5 

27,666 *2.2* 'k'.'l 



TABLE No. 3— ELECTRODE ANALYSIS 

Analysis of Plate and Electrode Materials are given in Table #3. 

Electrode C. Mn. P. S. Si. 

Roebling 16 .56 .032 .024 .016 

Norway 049 .021 .025 .007 .08 

C. R. S 11 .72 .097 .123 .011 

H. R. S. (Also Plate) 13-.17 .50 .012 .045 .011 

Quasi 07 .003 .051 .044 .011 

CHEMICAL ANALYSIS OF METAL DEPOSITED IN WELD. 

Fig. Electrode Used C. Mn. P. S. Si. 

3 Roebling 05 .18 .031 .036 .011 

16 Norway 05 .018 .020 .015 .011 

18 C. R. S 05 .11 .086 .072 .011 

19 H. R. S 14 .14 .012 .039 .011 

20 Quasi 03 .021 .042 .046 .058 
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THE GENERAL ELECTRIC COMPANY'S ACTIVITIES 

IN ELECTRIC WELDING. 

The General Electric Company's Activities in Electric 

Welding. 

As I stated in Report No. 2, I made several visits to some 
of the plants of the General Electric Company. On most of 
these occasions I had opportunity to discuss welding with the 
officials and engineers. The General Electric Company offi- 
cials arranged for reports to be made for me by their welding 
specialists in various departments and works. 

These reports may be tabulated as follows: 

GENERAL HEADINGS. 

(A) — Report by Mr. R. E. Wagner, Assistant Manufactur- 
ing Superintendent of the Pittsfield works. This re- 
port comprises a good deal of information which has 
been accumulated at Pittsfield on Electric Arc Weld- 
ing. (Pages 261-296.) 

(B) — Keport by Mr. E. 1^. Collins and Mr. P. A. Meyer, 
both of the Industrial Heating Department of the 
Schenectady works. (This report comprises descrip- 
tions of a number of investigations and machines de- 
veloped by the Industrial Heating Department. 
(Pages 297-309.) 

(C) — Report by Messrs. J. A. Capp and G. H. Wright, of 
the Testing Laboratory of the Schenectady works. 
This report comprises some interesting micrographic 
studies carried out by Mr. Wright on butt-welds. 
(Pages 310-319.) 

(D) — Report on the subject of spot-welding by Mr. W. L. 
Merrill of the Power and Mining Department. Mr. 
Merrill has had charge of a great deal of very impor- 
tant work which has recently been done in the devel- 
opment of srpot-welding machinery for heavy plates 
and for carrying out tests on welds made with such 
machines. (Pages 320-329.) 

(E) Report by Mr. F. W. Caldwell on a method of weld- 
ing together cooper and iron by means of the carbon 
arc. (Pages 330-331.) 
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(F) — Report describing an elaborate series of tests made 
• in 1915 to compare the state of the arc welding art at 
that time. In these tests there were used carbon-arc 
electrodes, bare-metal electrodes, flux-covered elec- 
trodes made by the General Electric Company, flux- 
covered electrodes made by the Quasi Arc Company 
of America and also the oxyacetylene process. Cost 
and quality comparisons of welds made by all of 
these methods are set forth in this report. (Pages 332- 
359.) 

(G) — Report by Mr. W. I. Delles on apparatus used at the 
Schenectady works fof Instructing Workmen in the 
Art of Welding. (Pages 360-361.) 
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SECTION A— CONTRIBUTION BY MR. R. E. WAGNER, 

ASST. MANUFACTURING SUPT. 
ELECTRIC WELDING AT PITTSFIELD WORKS. 



Practically all the known methods of joining metals 
together by electric welding processes are employed in the 
manufacture of apparatus at this plant. This includes spot, 
butt, line and arc welding. 

Spot Welders. 

We have six spot welders in almost constant use. The 
work is done on steel sheets and steel parts varying in thick- 
ness from .014" to .375". Time of welding varies from 250 
spots per minute on .014" stock in a motor-driven welder to 10 
seconds per spot on 375" stock. The welds are strong. and 
generally reliable. 

We have done some special work in spot welding, and 
sample and 'descriptions are given in photograph No. 297635 
(Page 294) attached. See Fig. No. 2, No. 16, No. 17, No. 18, 
No. 20. See photograph No. 296911 (Page 288) and No. 
297093 (Page 289) for views of these welders. 

Butt Welders. 

There are two butt welders in almost constant use. They 
are used primarily for welding end rings to the motor bars for 
induction motors. Their capacity is 2 volts at 50,000 amperes, 
60 cycles. Copper up to .4 square inch is welded and also steel 
rods 1J4" diameter. Have used this machine for welding high 
speed steel tips to low carbon shanks for tool work, thus econo- 
mizing on high-speed steel. 

Line Welders. 

Several of these have been developed at Pittsfield for use 
in making line welds on sheet steel in thickness up to .025". 
The maximum current required in most cases is 4 volts and 
5,000 amperes, welding at the rate of 1" per second. These 
types have a single wheel or multiple wheels running on a 
fixed bar. The metal to be welded is placed between the wheel 
and the bar which constitute the terminals of the secondary 
of the welding transformer. 

View of one of these machines is shown in photograph 
No. 296767 (Page 284), where it is applied to a punch press 
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and welds the sheets so that a continuous strip passes through 
the press. Photos also show punchings with welding line 
across them. It is essential that the sheets, where they overlap 
one another, be reasonably free from rust and scale. A machine 
shown in photograph No. 297535 (Page 291) is used to clean 
edges back about tSr"- Emery cloth belts rub against edges 
as the sheet passes through the machine. 



Electric Arc Welders. 

Electric arc welding with both metallic electrode and car- 
bon electrode are used extensively in the production of trans- 
former tanks. Average production amounts to 20 large boiler 
plate tanks and 200 large and small corrugated tanks per week. 

The welding of boiler plate tanks is done with bare metal 
electrode and D. C. current at 75 volts. The equipment con- 
sists of a 225 H. P. induction motor driving a 150-K.W. 75- volt 
D. C. generator. Current is taken to two main busses at the 
switch board where the voltage is held constant by means of a 
voltage regulator and a curve drawing voltmeter shows the 
foreman on the work just how his outfit is operating. Any 
serious irregularity in the voltage supplied adversely affects 
the welding. 

There are 12 welders operating on this set and each 
welder's circuit originates at the constant potential bus. The 
positive line passes directly to the welder's panel ; the negative 
line passes through a contactor, overload relay, remote control 
rheostat, reactance, thence to welder's panel, see photograph 
No. 297350 (Page 289) for switchboard. Contactor will open 
if excessive current flows through the circuit, and may also be 
opened by the operator through the relay. 

Capacity of each welder's circuit is 200 amperes. 

The single and double panels at the welder's station are 
fitted with ammeters, push button switches for operating 
rheostats, and heavy sockets in which the plug on the welding 
line is inserted when operator is preparing for work. The 
panels are so connected that when welding lines are plugged 
in on them, the positive side of the line is connected to the 
work and the negative side to the electrode. See photograph 
Xo. 297643 (Page 296) for welder's station. 

The bare metal electrode is used entirely on this work. 

The following grades of wire have been found satisfactory 
for this work : 

Toncan wire, Apex wire, made by the Washburn Wire 
Company, Phillipsdale, R. I. 

Armco (American Ingot), Bright (Hard Drawn Welding 
Wire), made by Page Steel & Wire Co.. Monessen, Pa. 
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Norway and Swedish Irons. 

An analysis of wire gives some indication of its applica- 
bility to electric arc welding but the crucial test is a trial. 

A satisfactory wire will melt and drop small particles uni- 
formly into the weld; if rather large globules drop from the 
welding rod the weld is apt to be porous and the welding metal 
poorly united to the metal being joined. The Toncan wire 
which we have found very satisfactory is a refined open hearth 
steel and contains the following by analysis : 

Carbon .10% 

Manganese .16% 

Silicon, Trace 

Phosphorus .010% 

Sulphur .046% 
In the application of electric arc welding to the building 
of boiler plate transformer tanks certain arrangements must 
be made to properly prepare parts for welding. 

Where plates are welded edge to edge or butt-welded the 
edges should be beveled approximately 30° if the thickness 
is 3/16" or greater. Sheets less than 3/16" thick need not be 
beveled. Beveling enables the operator to apply the arc to the 
bottom of the recess to be filled with welding metal and obtain 
a weld the full depth of the plates. 

When welding long seams provision must be made for 
shrinkage of gap between plates. This is done by expanding 
gap about lj^% of its length. At the beginning of weld, gap 
should be about }i" on plates between A" and 5^" thick, and 
at the end away from weld, the gap should be 1J4% of the 
length of seam plus J^". 

Shells and Bases. 

When shells are welded to basres for tanks the plate is 
beveled as for seams and a gap of approximately ^" exists be- 
tween shell and base on tanks made of plates A" and greater. 
Shells are held with proper gap by means of wedges. Shells 
are tacked, to base in spots all the way around before welding 
the complete joint is begun. See photograph No. 296585. 
(Page 280.) 

Hoods. 

Hoods for welders are made of press board and fitted with 
a round window 6" diameter made of 1 piece of plain glass, 1 
of medium green glass and 1 of dark red glass. The plain glass 
is used to protect the colored glass against pitting with molten 
metal. The colored glass is used to protect the eyes of the 
welder against intense rays of the arc. 
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WELDING DATA. 

(Actual Observations.) 

Rivets. 

Three ^" rivets welded in one end in %" boiler plate in 
12 minutes. 

5/32" bare wire electrode used. 
75 volts — 160 amperes — D. C. 

See photograph No. 296614-5-6 (Pages 284 and 285) and 
Micrograph No. 370 (Page 273). 

Sixty-six }i" rivets welded on one end in four hours. 
Rivets holding ^" angle iron band to ^" boiler plate. 
5/32" bare wire electrode used. 
75 volts-^140 amperes — D. C. 

Sixty-two )<4" rivets welded on one end in four hours. 
Rivet holding 1" band to ^" boiler plate. 
Syi lbs. of 5/32" wire used. 
75 volts — 140 amperes — D. C. 

Locating Pins. 

Four 1^" locating pins in J^" base. 

1^2 hours — 75 volts — 150 amperes — D. C. 

1J4 lbs. of 5/32" wire. 

See photograph No. 296589 (Page 282). 

Drain Pipe. 

1 2" drain pipe in J4" base. 

ly2 hours. 75 volts — 150 amperes. 

2 lbs. 5/32" wire. 

See photograph No. 296589 (Page 282). 
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Data on Seam Welds for Regular Production Work. 



Item No. 1 

Length in feet 2.5 
Total time hrs. 1.5 
Time in min. 
per straight 

foot 30. 

Size wire %" 

Lbs. wire per 

foot of weld .5 
Thickness ma- 
terial j^" 

Amperes .... 70 
Volts 75 



2 

3.33 
1.5 



25. 

.6 

%" 
70 

75 



3 
-14.5 
" 7.5 



20. 

5/32" 

.5 

3/16" 

120 

75 



4 

8.75 
4.5 



5 

9.5 
♦12. 



6 

6.0 
4. 



25. 35. 33. 

%" 5/32" 5/32" 

t68 1.5 1.33 



7 

12.0 
til. 



45. 
5/32" 

1.75 



8 



'A" 



130 
75 



160 
75 



n 



135 
75 



/2 

180 

75 



ff 




J6 lbs. of wire were used. There was? left Yz lb. of scrap ends. 
*Two men on this job for 12 hrs. Hours charged to the job 24. 
fTwo men on this job for 11 hrs. Hours charged to the job 22. 

Above results were obtained by different welders. 



(A) General appearance 
of v/eld on material less than 
3/16" thick. 

(H) General appearance 
of weld on material 3/16" to 

y^'* thick. 

(C) General appearance 
of seam prepared for weld- 
ing. Approximately y%" gap 
at the start and increased 
about 1>^% of its length 
from the start. 
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Tubes. 

Followinjgf results were obtained welding 2j4" tubes in J4" 
boiler plate. 

Tubes project through boiler plate J^" are expanded and 
lips turned over to make an angle of approximately 30® with 
surface of plate. 

See photograph No. 296584. (Page 281.) 

Time required to weld 1 tube end — S min. 

Time required to weld 10 tube ends — 1 hr. 

Time required to weld 200 tube ends — 24 hrs. 

Thickness of tube wall .094". 

Size of electrode 5/32" dia. 

Current required — 75 volts — 160 amp. D. C. 

See photograph 296102 (Page 278). See also sketck with 
micro-photo No. 315. (Page 272.) • 

Caulking. 

Caulking by electric welding, joint between }i" angle iron 
band and }i" shell of tank. 

Total distance around tank 36'6". 

Time to weld, 9 hrs. 

Electrode 5/32" dia. 

Current — 75 volts — 140 amps. D. C. 

Average Results of Strain Tests. 

Size of samples 2"xj4"- 

No. I Butt Weld— Breaking Strain 22150* in weld. 

No. II Lap Weld one side Breaking Strain 23000# in weld. 

No. Ill Lap welded 2 sides Breaking Strain 31300# out- 
side weld. 

No. IV Angle Weld 1 side Breaking Strain 21000* in 
weld. 

No. V Angle Weld both sides lireaking Strain 30500* in 
weld. 
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I n m 17 V 

We are producing a great many corrugated steel tanks 
that have seams electrically welded with the carbon arc. The 
methods of doing this work and the results obtained are shown 
in photograph No. 296613 (Page 285), No. 297351 (Page 290). 

The electrical equipment for this work is an exact dupli- 
cate of that described for the metallic electrode welders. 

The corrugated sheets are joined by welding together up- 
turned edges of the sheets. See 6- A in photograph No. 297635. 
(Page 292.) 
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The arc is applied by means of a moulded tapered carbon 
pencil which is }4" at the large end and tapers to J^" in its 
length of 6". This form serves to concentrate the arc at the 
point required. No metal is supplied to the weld, the arc 
being used simply to fuse the upturned edges together. This 
process is applied to metal ^" and 3/32" thick. 

Speed of welding t'tr' stock by hand is 2.4 inches per min- 
ute, with current of 35 amperes at 75 volts D. C. 

Speed of welding Vj" stock with machine is 5.5 inches per 
minute, with currents of 45 amperes and 75 volts D. C. 

Speed of welding 3/32" stock by hand is 2.2 inches per 
minute, with current of 50 amperes and 75 volts D. C, 

Speed of welding 3/32" stock with machine is 5.5 inches 
per minute, with current of 70 amperes and 75 volts D. C. 

The metallic electrode arc welding has been applied to 
production work for three years and the carbon electrode arc 
welding has been applied for 12 years. Our experience with 
both methods has been entirely satisfactory. 

Other forms of electric welding have also proven highly 
satisfactory from standpoint of costs and results obtained. 

DATA ON HARDNESS OF ELECTRIC ARC WELD. 

Following tests were made on metal deposited with oxy- 
acetylene flame and with electric arc. Tests were made in the 
laboratory with a Shore Scleroscope using the magnifier ham- 
mer. Welds were made on boiler plate. 

Gas Electric Arc 

Boiler Plate Weld Metal Boiler Plate Weld Metal 



69 


62 


67 


66 


68 


63 


74 


68 


73 


65 


70 


65 


68 


67 


68 


67 


71 


69 




70 



71 


70 


72 


70 


76 


73 


77 


70 


82 


72 


78 


68 


7: 


72 


70 


66 


75 


67 


77 


72 



Av. 69 66 75 70 

Tests made December 11, 1915. 

Comparative Costs Between Acetylene and Arc Welding. 

In the accompanying table are given some interesting data 
comparing the cost of electric arc welding with acetylene. 
These figures, which were based on tests made with a Lincoln 
welding machine, are based on the following costs: 

Acetylene 1 cent per cubic foot. 

Oxygen 2 cents per cubic foot. 

Electricity 2 cents per kilowatt-hour. 

Labor 30 cents per hour. 
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In the small sizes of metal, the speed of acetylene welding 
is greater than that of electric, while in the large sizes, the 
speed of electric welding is much greater. The calorific value 
of acetylene is 1,555 British thermal units per cubic foot. One 
kilowatt-hour is equivalent to' 3,413 British thermal units. 

Comparative Cost Data — Acetylene and Electric Welding. 





Total 


Thickness Cu-ft. per hour Ft. Cost 


cost Cost 


Tip of Acety- Per hr. Weld of 


per per. ft. 


No. metal lene Oxygen per hr. Gas 


Hour \\>lded 



1 


1/32" 


3.21 


3.65 


30 


$.11 


$.40 


$.013 


2 


1/16" 


4.84 


5.50 


25 


.16 


.46 


.018 


3 


3/32" 


8.14 


9.28 


20 


.27 


.57 


.028 


4 


1/8" 


12.50 


14.27 


15 


.40 


.70 


.047 


5 


3/16" 


17.81 


21.32 


9 


.61 


.91 


.101 


6 


1/4" 


24.97 


28.46 


6 


.82 


1.12 


.187 


7 


5/16" 


33.24 


37.90 


5 


1.09 


1.39 


.278 


8 


3/8" 


41.99 


47.87 


4 


1.38 


1.68 


.420 


9 


1/2" 


57.85 


65.95 


3 


1.90 


2.20 


.733 


10 


5/8" 


82.50 


94.05 


2 


2.71 


3.01 


1.510 



K.W. Total 

Amperes Input Cost of Ft. Weld Cost Cost per 

Tip No. in Arc M-G Set Power per hr. per hr. ft. welded 

1 70 3.00 $.06 25 $.36 $.014 



2 


75 


3.08 


.06 


20 


.36 


.018 


3 


80 


3.20 


.06 


15 


.36 


.024 


4 


90 


3.52 


.07 


10 


.37 


.037 


5 


110 


4.15 


.08 


8 


.38 


.048 


6 


110 


4.15 


.08 


8 


.38 


.048 


7 
8 
9 


120 


4.64 


.09 


7 


.39 


.056 


150 


5.75 


.12 


6 


.42 


• .070 


10 


150 


5.75 


.12 


6 


.42 


.070 



INFLUENCE OF CURRENT ON ARC WELDS. 

Mr. O. A. Kenyon, of the Arc Welding Machine Com- 
pany, has published the following results: 

"To study the effect of current on the strength of weld and 
penetration of fusion, I made tests with three types of joints, 
shown in the illustration, and welded each of these joints with 
80, 90, 100, 110, 120 and 130 amp. The pieces were welded as 
near flush as possible and machined to the thickness of the 
plate before pulling. The table gives the results of the tests 
which were made by the Pittsburgh Testing Laboratories. In 
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the full bevel where the arc played directly on the surface the 
welds were better than the original material. In the half bevel 
and square joints the low currents failed to cause sufficient 
penetration to fuse the thick edges of the joint through the full 
section, and therefore some of these broke at the joint ; while 
where the current was sufficient to fuse through they all broke 
outside of the joint/* 

Results of Pulled Tests on Welded Specimens. 









Yield 


Breaking 










Strength 


Strength 




Test 


Type 


Amp. 


lb. per sq. in. 


lb. per sq. in. 


Location 


1 


A 


80 


31,540 


51,040 


Material 


2 


A 


90 


45,400 


59,440 


Material 


3 


A 


100 


41,790 


54,680 


Material 


4 


A 


110 


45,500 


59,770 


Material 


5 


A 


120 


34,790 


56,310 


Material 


6 


A 


130 


42,490 


56,190 


Material 


7 


B 


80 


37,700 


57,590 


Weld 


8 


B 


90 


32,290 


51,440 


Weld 


9 


B 


100 


29,000 


40,790 


Weld 


10 


B 


110 


43,910 


43,830 


Weld 


11 


B 


120 


30,940 


49,650 


Material 


12 


B 


130 


32,430 


51,980 


Material 


13 


C 


80 


31,170 


49,840 


Weld 


14 


C 


90 


39.580 


40,690 


Weld 


15 


C 


100 


43.130 


57,270 


Material 


16 


C 


110 


31,960 


52,800 


Weld 


17 


C 


120 


41,780 


57.120 


Material 


18 


C 


130 . 


39,160 


57,780 


Material 


37 


A 


Gas 


28,360 


38,390 


Weld 


38 


B 


Gas 




38,260 


Weld 


39 


C 


Gas 


34.'266 


50,310 


Weld 




Diagrams 


to illustrate effect of 


current on welding dif 


ferent types of 


joints : 










Type A 


■ 


Type B. 


Type C. 




^«—^ JLi 


< 










1 1C 


I / 


1 




■; r^«G Htj 


Ujk' 
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Weld Joint of Steel Tubing and Boiler Plate Steel, made 
by electric welding. With a cavity present at junction of weld. 

Magnification 35 No. 314. 

1 Tubing, 2 Boiler Plate Steel. Etched. 3 Norway Iron. 

Magnification 35 No. 315 

Weld Joint of Steel Tubing and Boiler Plate Steel, made 
by electro-welding. With no cavity present at junction of 
weld. 1 Tubing, 2 Boiler Plate Steel. Etched. 3 Norway 
Iron. 

Magnification 79 No. 316 

Weld Joint of Steel Tubing and Boiler Plate Steel, made 
by electric welding. Same as No. 314 but taken at a higher 
magnification. 1 Tubing, 2 Boiler Plate Steel, 3 Norway Iron. 
Etched. 

Magnification 220 No. 317 

Weld Joint of Steel Tubing and Boiler Plate Steel, made 
by electric welding. Same as No. 315, though taken at a higher 
magnification. 1 Tubing, 2 Boiler Plate Steel, 3 Norway Jron. 
Etched. 

Magnification 57 No. 318 

Shaped Weld-Joint of Boiler Plate Steel made by 
electro-welding. Taken along one of the two lines of weld. 
The large black spots are cavities presenting joints. 1 Norv^ay 
Iron, 2 Boiler Plate Steel. Etched. 

Magnification 100 No. 319 
Shaped Weld-Joint of Boiler Plate Steel made by 
electro welding. Taken along the other line of weld (See No. 
318) and at a higher magnification. 1 Norway Iron, 2 Boiler 
Plate Steel. Etched. 

Magnification 100 No. 370 

Riveted and Electric Welded Boiler Plate Steel showing 
that a good w^eld had been formed between rivet head and iron 
weld. -Line of weld runs along the two differently shaded 
areas. 
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No. 315 


Joint ol Steel Tub- 

y Electro- Weld Ing. 
Cavity Present at 
ng. 2-Boller Hate 


of Weid. l-Tu 
3.No™av Iron. 


Weld-Joint of Steel Tub- 
^ Ing and Boiler Plate Steel. 

made by Electro-Welding. 

With no Caviti' at Junction 
bing. 2-Boiier PUIe Steel. 



No. 316 

Weld-loint ol SUei Tub- 
ing and Boiler Plate Steel- 
made by Electro- Welding. 
Same u No. 3U, Though 

I a Higher Magnlfiution. l-Tublng. 

Plate Steel. 3-Noiway Iron. 



Cid-Jolnl of Steel Tnb- 
' ing and BoUei Plate Steel. 

le by Electro-Weljlng. 

le M No. 315 but Talsn 
at a Higher Magnification. I-Tut^B. Z-B<HleT 
Plate Steel. 3-Nonvay Iron. 
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Bolte, put. Steel, nude by G -L Shwd We d-Joinl of 

J Alonaoneof tlitwoLl™. H^ U I Electro-Welding. (IT.ken 

)(Weld. The Lirae Black Spot. sieCivltle. '""^ "" °™ ''''" 7 
Boiler Plate Steel. 



No. 370 
Riveted and Blectilc- 

Welded BoikrPlateStecl. 
ShowlnB that ■ Good Weld 

Rivet Head and Iron Weld Line of Weld mm 
Along the two Differently shaded area*. 
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SEAMS-Aoetylenc & Arc Welding 
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P-599254 (continued) 
SEAMS— Acetylene & Arc Welding 
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VOLTS, AMPS. AND POINTS AND DIA. OP WIRE USED ON 
DIFFERENT THICKNESSES OF METAL. 

Volts. Amps. Pts. Wire. 
Welding yi'' Seam 75 150 29 A^^ 

H" " 75 140 28 A'' 



<( 


Ya!' " 


75 


110 


25 


A" 


« 


A" " 


75 


85 


21 


A" 


« 


W " 


75 


75 


18 


A" 


<< 


K" Base to W Shell 


75 


160 


28 


A" 


(( 


3^" " " J4" " 


75 


130 


26 


A" 


« 


1^" Locating Pins to H" 










• 


Base ^ 


75 


140 


27 


A" 


(( 


Stuffing Boxes to ^" Shell 


75 


145 


28 


A" 


<( 


« « « i/n « 


75 


125 


26 


A" 


It 


A" Tubes to ^" Shell .... 


75 


120 


25 


A" 


« 


A" " " J4" " .... 


75 


100 


23 


A" 


(( 


3^" Shell to ->^" Bottom.. 


75 


165 


31 


A" 


(< 


A" Tube to Yi Flange. . . 


75 


140 


28 


A" 


(< 


A" Base to A" Shell.... 


75 


110 


25 


A" 


ti 


VA" Band to Yi" Shell.... 


75 


150 


29 


A" 


<< 


Drainpipe to Yz Shell .... 


75 


135 


27 


A" 


u 


Rivets to Yi" Shell 


75 


130 


26 


A" 


(t 


A" Seam 


75 


40 


9 


A" 


« 


Ya" " 


75 


160 


27 


A" 


it 


i ff i( 


75 


170 


32 


A" 


n 


IM" " 


75 


155 


29 


A" 


ti 


(Calkweld) 1" Bar to YV 




• 








Plate _.. 


75 


140 


29 


A" 


a 


(Calkweld) \]4" Band to 












Yh" Plate 


75 


150 


fl • 


A" 
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8 Inch Standard Wroutht Iron Pipe 
6 Inch Standard Wrought Iron Rpc After Test at Mtt lb*. Prcuuic One 

Alter TeM at 1000 Ibt. One Cap and Capand Se«iii Welded with the 

Seams Welded with thr Electric Arc. Electric Arc. 
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bular Ttaniformer Tank Showing Inner Vie 

of Tubei. 

ElectriciUy Arc Welded to Boiler Plait. 



Tubular TraiufoniKr Tank. 
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296288. Section of a Smoke suck, 296583. Tank with Ekdrlc Arc Welded Seam. Sarfaa WcM 

Seams Welded by Electric Arc Weld- Ground Off lo Picient a tmoolh Appearand. Weld RrlnfonsJ 

IngProccu. Metal K In. Boiler Plate On Intlde, 
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anded Preparatory to Electric Arc Weldins. 



296S87. New View of Eketric Arc Weld In 
Bottom ol Tank, % In. Bate, H In, Shell 
Metal, Size T7 In. x 144 In. x ISS In. High. 
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CloKT View of 29eSS7 



Z965S9. Locating Piu Electric Arc Welded In Bue for Tan 
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296KII. Applylns Hammci TeiU lo Eltctric A 



296614, RiveU Seakd with Ekctilc Arc Welding. Metallic Electrode. 
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ISWa. Picpvitlon ol Seun in Corrua>>«l Sheet 

Steel for Ekctrlc An Wcldlnl with Carbon 

ElMtrode. 



Z9661S. RlveU Seakd with Electric I 



c Welding. Metallic Electrode. 
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296809. Wom Craw Wheel PluiWi Repaired by Electric Arc WeldlnsPruixiL 
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297350. Swllchboard. Rheostali, Motor Generator S«t for 12 Electric Arc Weldcn 
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ATTACH TO PHOTOGRAPH No. 297635. 

No. 1 — Tube made from ^" steel. Lap weld. Electric 
arc weld. Bare electrode, yV dia. Welding current 75 volts, 
30 amp. D. C. Speed of welding, 30" in 7 minutes. Base ^" 
welded. Kerosene test showed no leaks. Dia. tube l^^". 

No. 2 — Spot weld. 11 pieces .040" sheet steel welded 
together. Resistance weld. Welding current 4 volts, 2,500 
amp., 60 cycles. Time, 3 minutes per spot. 

No. 3 — Electric arc weld. 34" boiler plate. Edge of plates 
beveled 30° and separated ^". Seam in a vertical position 
when welded. Welding current 75 volts, 110 amp. D. C. Bare 
electrode 5/32" dia. Length of weld, 10". Time required, 7 
minutes. Kerosene test showed no leaks. Break strain 33,000 
lbs. in the weld, per square inch. 

No. 3A — Section of No. 3. 

No. 4 — Electric arc weld. }i'' boiler plate. Edge of plates 
beveled 30°* and separated jV'- Seam in an overhead position 
when welded. Welding current 75 volts, 135 amp. D. C. Bare 
electrode 3/16" dia. Length of weld 7". Time required, 7 
minutes. Kerosene test showed no leaks. Break strain 51,000 
lbs. per square inch. 

No. 4A — Section of No. 4. 

No. 5 — Electric arc weld, j4" boiler plate. Edge of plates 
beveled 30° and separated ^", Seam in horizontal position 
when welded. Welding current 75 volts, 105 amp. D. C. Bare 
electrode 5/32" dia. Length of weld, 10". Time required, 6 
minutes. Kerosene test showed no leaks. Break strain, 50,000 
lbs. per square inch. 

No. 5A — Section of No. 5. 

No. 6 — Electric arc weld, -^" sheet steel. Edges turned up 
and welded. Welding current, 75 volts, 30 amp. D. C. Speed 
of welding, 2" per minute. Hand welding. Carbon pencil 
electrode used. 

No. 6A — Section of No. 6. 

No. 7 — Reclaimed 9 «" drill. Was broken at shank. Elec- 
tric arc welded with carbon pencil electrode. 75 volts, 70 amp. 
D. C. Speed of welding, 3 minutes. Has not failed after two 
months' service. 

No. 8 — }i" steel shank butt welded to threaded stem. 
Welding current 2 volts. 800 amp., 60 cycles. Time required, 
1 second. 

No. 9 — %" sheet steel. Electric arc weld. Edges butted 
with 1/32" gap. No bevel. Current from mercury arc rectifier 
used. Welding current, 115 volts, 60 amp. D. C. Length of 
weld, 10". Time required, 5 minutes. 

No. 10 — Section from two plates electric arc welded at 
right angles. ^" boiler plate. Edge of vertical plate beveled 
30°. Welding current, 75 volts, 150 amp. D. C. Bare electrode. 
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No. 11 — 34" steel ring butt resistance weld. Riser at weld 
ground off. Welding current, 2 volts, 2,000 amp., 60 cycles. 
Time required, 3 minutes. 

No. 12 — ^" steel ring butt resistance weld. Riser at weld 
ground off. Welding current, 2 volts, 3,000 amp., 60 cycles. 
Time required, 5 seconds. 

No. 13 — 2" wrought iron pipe, J^" wall. Electric arc weld. 
Edges beveled 30°. Welding current, 75 volts, 65 amp. D. C. 
Time required, 6 minutes. Bare metal electrode, J^" diameter. 

No. 14 — Broken tap removed from work by welding on 
nut and backing^ out tap. Carbon electrode with metal filler 
used to make junction. Current, 75 volts, 40 amp. Time re- 
quired, 1 minute. 

No. 15 — Butt welded copper rings. Thickness .031". 
Width ^". Outside dia. 2>4". Resistance weld. Welding 
current, 2 volts, 25,000 amp., 60 cycles. Time, instantaneous. 
Flash weld. 

No. 16— Spot weld. .047" steel to .025" brass. Welding 
current, 2 volts, approximately 5,000 amp., 60 cycles. Time, 
in^antaneous for each spot. Flash spot weld. Strength, metal 
tears when pieces are pulled apart. 

No. 17— Spot weld. .025" brass to .025" brass. Welding 
current 2 volts. Approximately 5,000 amp., 60 cycles. Time, 
instantaneous for each spot. Flash spot weld. Strength, metal 
tears when pieces are pulled apart. 

No. 18— Spot weld. .063" Al to .063" Al. Welding cur- 
rent, 2 volts, approximately 2,000 amp., 60 cycles. Time, ap- 
proximately 4 seconds. Tungsten tips in welding electrodes. 

No. 19— Line weld. .025" steel to .025" steel. Welding 
current, 9 volts, 2,000 amp. min., 5,000 amp. max., 60 cycles. 
Current, intermittent. 2,000 amp. on 75 % and 5,000 amp. on 
25% of time. Welding speed, 1" per second. Strength, metal 
tears when pieces are pulled apart. 

No. 20— Spot weld. .025" copper to .025" copper. Weld- 
ing current, 2 volts, approximately 2,000 amp., 60 cycles. Time, 
3 seconds. Tungsten tips in welding electrode. 
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SECTION B 



CONTRIBUTION BY MESSRS. E. F. COLLINS AND 

P. A. MEYER, OF THE INDUSTRIAL HEATING 

DEPARTMENT OF THE SCHENECTADY 

WORKS. 

Butt Welding of Copper: At the Motor Department of 
the Schenectady Plant of the General Electric Company, there 
are eleven butt welding machines in operation, welding the 
short-circuiting copper end rings to copper conductors, form- 
ing the squirrel cage induction motor rotors. Photographs 
Nos. 224131, 224133, 222668, 103702 and 233304 show views of 
several of these machines. (Pages 300-302.) 

This process consists in clamping the two parts to be 
welded, to two massive jaws of a one turn secondary of a 
transformer, the current being applied to the primary through 
a solenoid operated switch after pressure is applied between the 
surfaces to be welded, by springs. The heavy secondary cur- 
rent at low voltage causes intense heating at the comparative- 
ly high resistance surface junction between the pieces to be 
welded, melting the copper. 

As the copper at the point of weld reaches a molten con- 
dition, the Sirring pressure forces the two jaws together, 
squeezing out of the weld any oxide which may have formed, 
thus forming a complete homogeneous union of the element. 
The current is automatically cut off through the aclion of 
a switch, each movable jaw carries one of the contacts of the 
switch. The jaws are separated by the distance necessary to 
produce the squeezing action referred to above. The primary 
voltage of the transformer is varied by a voltage regulator for 
welding stock of different sizes. 

No flux is used. A small stream of water is continually 
flowed on the weld creating an atmosphere of superheated 
steam, which not only prevents oxidation but also prohibits 
excessive superheating of the copper. 

That the welding operation is successful is demonstrated 
by the fact that from records kept up to 1914, out of 15,500 
rotors welded, only ten complaints had been received. Two 
of these were damaged by severe overload, not chargeable to 
the welders. This means a net of eight out of 15,500 rotors 
giving trouble, or slightly less than 1/20 of 1 per cent. 
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It should always be borne in mind that the success of any 
of these welding operations depends to a greater extent upon 
the workman than upon any other separate factor, and the 
excellent results the General Electric Company has obtained 
are due primarily to weeding out careless operators and en- 
couraging and assisting those who are conscientious in their 
work. Photographs Nos. 226924, 25 and 26 (pages 302 and 
303) are interesting in showing the efficiency of these welds 
in current capacity. The welders have capacities up to 80 
KVA and weld copper of approximately 1^" square maximum. 

Photograph No. 237086 (page 304) shows a small butt 
welder of 15 KVA capacity in use in the Wire and Cable De- 
partment. Odd lengths and scraps of any size of brass and 
copper wire are welded together ; in some cases to be insulated 
and used as good wire by filing off the burr formed at the 
weld; and in other cases to be cold drawn to the next size 
smaller wire. 

-Small Spot Welding and Line Welding: In the Punch 
Press Department of the Schenectady Plant of the General 
Electric Company, there are twenty motor-operated spot weld- 
ers, of the designs shown in photographs No. 230790, 230791 
and 232577. (Pages 304 and 305.) These are used for weld- 
ing small spacers to the iron laminations of motors and gen- 
erators for ventilating purposes, and hence are called "space 
block welders." These machines can weld 60 spots per min- 
ute when working continuously, not allowing for time to 
shift stock. 

In three of the miscellaneous shops where some sheet 
metal work is done, foot-operated spot welders are used on 
numerous small jobs and even on regular production work at 
much less cost than riveting. Such machines are shown on 
photographs Nos. 235173, 235174 and 225638. (Pages 306 and 
307.) It has, however, been found that in the oil switch de- 
partment, a combination line and spot welder works to better 
advantage than an ordinary spot welder. Photographs Nos. 
316125 (page 306) and 316126 (page 308) show a combination 
machine which has been in production for two years, spot and 
line welding switch boxes up to J^" thick. The machine will 
weld a continuous seam 6" long and the photograph shows a 
fixture adaptable for line butt welding the corner of a box. A 
separate removable fixture is used for spot welding, giving 
the machine an appearance similar to photograph No. 225638. 
(Page 306.) 

Photographs Nos. 317949, 317950 and 317951 (pages 308 
and 309) show a combination line and spot welder recently 
put into production having a capacity of 20 KVA and capable 
of spot and line welding material up to A" thickness and 18" 
long. 

Photograph No. 317949 (page 308) shows a side view of 
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the line welding equipment, No. 317950 (page 309) a side view 
of the spot welding equipment, and No. 317951 an end view 
of both devices. The photographs show line welding fixtures 
for welding straight plates. These fixtures are removable, 
however, and fixtures may be substituted for welding corners 
of boxes or other similar straight lines. 

Line welding machines, as developed at the Schenectady 
Works, comprise a transformer with a one turn secondary, 
through which a heavy current is delivered at low voltage to 
the material to be welded, through the medium of a stationary 
jaw and a rolling wheel. Both the stationary jaw and revolv- 
ing wheel are motor-cooled and pressure is applied to the 
wheel the same as to the spot welding tip. 

A small revolving switch mechanically geared to the driv-^ 
ing motor and welding wheel operates a set of contactors or 
solenoid switches to throw on the power once a second, the 
power being on ^ of a second and off 5^ of a second. The 
mechanism is so synchronized that during the ^ of a second 
the power is on, the welding wheel is rolling, and during the 
remaining ^ of a second the wheel is stationary under pres- 
sure while the molten metal is solidifying, thus completing 
the weld. Further tests are being carried out with a view of 
determining the maximum speed and greatest stroke for vari- 
ous thicknesses of stock. Line welding offers the best solution 
of the problems of making liquid tight tanks out of punched ^ 
metal, and once adopted, offers limitless possibilities in the 
manufacture of "seamless" tubing. 
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ieclion o( Welded Copper End Rins and Ban of ISO H.P. 750 R.P.M. 

Induction Motor Melted out by an Abnormal Condition. 
!-that although End Rings and Ban became Molten none of the 
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92S. Section or Welded Copper End Ring and Bars of ISO H.P. 750 R.P.M. 

Induction Motor Melted out by an Abnormal Condition. 
"Note that although Ihe End Rings and Bart became Molten none of 

the Welded Jolnla were Affecled." 



of Welded Copper End Ring and Bars of 150 H.P. 750 R.P.M. 
ictlon Motor Melted out by an Abnormal Condition. 
: although Knd Rlngi and Ban became Molten none of the 
Welded JoInU were Affected." 
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22S638. spot Welding MacMne and lt> Products 



316125. Comblnitlon Electric SpolindUiw Welding MachlD* 
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SECTION C 



CONTRIBUTION BY MESSRS. J. A. CAPP AND G. H. 

WRIGHT, OF THE TESTING LABORATORY 

OF THE SCHENECTADY WORKS 



INVESTIGATION OF ELECTRIC BUTT WELDING 
WITH PHOTOMICROGRAPHS 

The object of this investigation was to determine the best 
practice in making butt-welds in the Thomson Electric Weld- 
ing Machine so that the weld would be as little different from 
the parts welded as possible. The problem presented was the 
development of a method of welding whereby it would be 
possible to join the ends of a bar formed up into a ring in such 
a manner that the welded ring could be heat-treated and the 
metal in and about the weld would be as strong and ductile 
as the metal in the ring away from the weld. 

The material selected for the experiments: was a low car- 
bon open-hearth steel, obtained under G. E. Specifications 
M-523, which require the steel to fall within the following 
specified limits in composition : 

Carbon — Not less than 0.15% and not more than 0.25%; 

Manganese — Not to exceed 0.50% ; 

Phosphorus — Not to exceed 0.04% ; 

Sulphur — Not to exceed 0.05 '/J . 

The steel was forged to approximately octagonal form, 
about one inch diameter between flats. The bars were then 
fully annealed by heating to 850 degrees Centigrade for four 
hours, followed by slow cooling. Pieces six inches long were 
used in the experiments. This length provided f\v^ inches for 
clamping and one inch to project beyond the clamp to meet 
the bar to which it was to be welded. The clamps of the 
machine were then set with two inches space between them 
when the bars to be welded were in contact. 

The welding was done in a Thomson Electric Welder in 
which the clamps were pressed toward each other by a spring. 
The machine w^s a welder described as Catalog 80- A, of max- 
imum capacity of 22,000 amperes. 

The experiments were conducted by varying the current 
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used to make the weld and by holding the current for different 
lengths of time, and thereby producing welds with a greater 
or less amount of movement of the metal in and about the 
weld. The effects of the various changes in current and 
time were studied by examination of the accompanying 
changes in the microstructure of the steel. 

The effect of varying the current was to vary the tem- 
perature of the metal surfaces in contact and this temperature 
ranged from about 1200 degrees Centigrade, which appeared 
to be the minimum temperature at which welding took place, 
up to practically the melting point of the steel. The effect of 
the varying time of application of the current was to confine 
the desired temperature closely to the surfaces to be welded, 
or to permit the high temperature to extend along the projecting 
ends of the rod from the contact surfaces toward the clamps. 
Changes in the condition of actual temperature and the 
extent to which the metal was heated to this temperature, per- 
mitted greater or less movement of the clamps while the weld 
was being made, and hence produced a greater or less swell- 
ing of the metal when welded. If the temperature was low 
and the heated length of the bars short, there was little or no 
movement, and hence little, if any, swelling of the diameter 
at the weld. If the temperature was high and the extent of 
heating great, not only was the swelling considerable, but 
there was actually a flash thrown out in the ring around the 
bars where welded. If the temperature was sufficiently high 
the throwing out of this flash was accompanied by a shower 
of sparks of molten metal. 

After the welds were made a section of the welded bars, 
one-half inch long, was cut off, the weld being in the center 
of length of this section. The short section was then cut 
longitudinally in half. One of the test specimens thus ob- 
tained was examined without subsequent treatment; the other 
test specimen was annealed at 875 degrees Centigrade for 
about one hour, followed by slow cooling. The longitudinal 
surface taken from the center of the bar in each test specimen 
was polished and etched for examination under the microscope. 
There w^ere all told about thirty welds made, with varying 
temperature conditions as produced by variations in current 
and time. There are appended to the report twelve sheets of 
photomicrographs showing the results on six specimens. 
Three conditions of welding are illustrated in these six speci- 
mens: 

1. The weld made with a high current applied for a rela- 
tively long period, which produces a high tempera- 
ture existing over a considerable extent. The re- 
sult was a weld with considerable degree of move- 
ment of the electrodes and the accompanying heavy 
flash around the bars at the weld. 
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2. A lower current applied for a shorter time, so as to 

produce a temperature lower than that in the first 
condition, yet of considerable extent. The result 
of this condition is a weld in which there is a con- 
siderable sw'elling of the metal at the weld and very 
little flash. 

3. A current just sufficiently high to produce a w-elding 

temperature at the surfaces to be welded and applied 
for a time only sufficient to bring these surfaces to 
the desired temperature. The pressure applied then 
produces a weld with a very slight swell and with 
no flash. 
The photomicrographs were taken : 

1. At about four diameters to show a transverse section 

of half the diameter of the bar. 

2. At a point in the heart of the welded area to show the 

typical structure resulting from welding under the 
conditions noted. 

3. Outside the welded area, but close to the weld, show- 

ing the influence of the temperature in the vicinity 
of the weld upon the steel. 

4. A longitudinal section through the weld after anneal- 

ing. 

5. The structure in the heart of the weld typical of the 

welded area after annealing. 

6. The normal structure of the material away from the 

weld after annealing. 

A study of the photomicrographs shows that the welds 
made under Condition 1 result in a considerable decarboniza- 
tion of the steel in the immediate vicinity of the weld. The 
structure of the weld itself is irregular and ill-defined. In the 
immediate vicinity of the weld the steel shows evidence of 
overheating. Annealing, however, restores the structure close 
to the weld, but never can restore the normal structure in the 
weld because of the decarbonization. The weld under such 
conditions must be weaker than the balance of the steel. 

In welds made under Condition 2, the effects of welding 
are similar to but less pronounced than those observed in 
welds made under Condition 1. There is less decarbonization 
and less ill-defined grain structure. Annealing brings the 
welded area nearly back in structure to the normal condition 
of the steel. Welds made under Condition 2, with little or no 
flash and with a great swell may be practically perfect, but 
there is liable to be unsoundness, due to the fact that there is 
actual melting of the steel at points where the surfaces are in 
contact. Such unsoundness is very marked in the case of 
welds made under Condition 1, being found, though with less 
degree in Condition 2. 
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In welds made under Condition 3 there is little or no 
structural disturbance of the steel so far as change of the 
proportion of structural constituents is concerned. In fact, 
after annealing it is difficult to say just where the actual 
weld was made. The photographs taken at low power show 
no unsoundness because the steel was never molten and gases 
were not produced. In the experiments made there was evi- 
dence shown that the results would have been better had the 
spring pressure available been higher. It was intended to con- 
tinue the experiments with increased spring pressure, but 
necessity for using the machine in production prevented. 

The conclusion to be drawn from the work is that welds 
may be made by the Thomson process in which the metal is 
structurally the same in the weld as in the areas away from 
the influences of the weld, that the conditions for such weld- 
ing are : 

That the surfaces in contact and the metal immediately 
in the vicinity of the weld be heated by the current to a tem- 
perature no higher than is customarily used in the smith shop 
for welding, i. e., 1200 to 1300 degrees Centigrade. This tem- 
perature must not be applied any longer than is necessary to 
bring the metal immediately behind the surface to be welded 
up to the welding heat. The less the length of bar heated 
for welding the better. The pressure applied during welding 
must be sufficient to force the metal into actual contact and 
slightly to deform it. At the temperature of welding the metal 
is plastic and the welding is accomplished by so pressing the 
plastic surfaces together that the grains of the metal are 
brought in such intimate contact that grain growth from one 
piece of metal to the other takes place. Welding made under 
these conditions is the duplicate of the welding made in the 
smith shop. The experiments have shown conclusively that 
welds made with conditions such that a heavy flash is thrown 
out about the weld are unreliable and of necessity weaker than 
the metal welded because of the structural change resulting 
from the decarbonization of the steel, and because of the blow- 
holes formed when the metal is melted. 
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SAMPLE No. 3 



Neo. A 17 173 

LonsUudlnal Kdion thru weld u welded. 

CurTentll,00l).te™lna1vollaa«6,11ahinji.h , *?; .1 ,j ^ 

M in irrinfl DTSBu™ Pholoihowi imall Longitudinal ledlon thru weld annealed 

' ■- from BT5°C fumara coolel. Photoihowt 

imall blowr-holei in ipedmen. 4 Dlameten. 



Neg, A niBS N*g. A 17197 . 

Photo of weld showi mau of ferrile with Photo of weld shows tortile Krains wllh 

numemui plalei of carbide. Structure In nearly normal pearllte arreat. ISODiameten 
tratultion ilane. 150 Dlameten. 



Neg. A 17198 

Photo cloK lo welt) ihowing feirf te graint 

wllh normal pearlite areai. 150 Dianielert. 
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SAMnfNa.6 



Nee. A 17166 
Neg. A ITlffi Longlludinal lectlon Ihiu weld annealed 

Longttudlnalwctian Ihruweld, utvelded Irom STS" C, funuce cookd. Pholothowt 

l^nnlTuil vo1taae6; current 10,000; heavy bIow>holcsIln ipedmen. ^ Dlameten. | 

llaih H In.; spring preuun. 

Photo (hows larfle btow-liole In ipeclmen. 
4 Dlameten. 



Photo of weld sh-nvs (ertlle 
irregular bands of carbide. St 
transition staoe. ISO Diameters. 



Neg. A 17189 

lots of pearlile. Note abseno 
150 Diamelers, 



Neg. A 17178 Neg. A 17IS0 

Photo close to »eld shows large sorbitk Photo cioie to weld shoi 

grains surrounded with Irregular bands of studded with pearilte areas 

ferrlte. 150 Dlanwleri. ture. 150 Diameters. 
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SAMPLE No. 10 



Nea- A 17171 
Longitudinal leOlon thru weld annealed. 
Cumnt ifl (IM: Iprmliwl voltage 6; light fluh 
Photo ihowi large 



rtin.;lprln, 



Neg. A ITITZ 

Longlludlnal Kctlon thru weld atinealed 

from 87S° C furnace cooled. Photo show* 

■mall blow holes In ipedmen, 4 Dianieten. 



Neg. A. 17183 
'hoto of weld ihowt maH of ferrlte i 
neroui plalei of carbide. Struclun 
ultlonitage. 150 Dlamelen. 



Neg. A IT19S 
Photo of weld ihowi mai 
gralni with nearly normal pi 
15C Dtameten. 



Photo doee to weld ihowi farlte grain* 
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SAMPLE Ho. 16 



Nea. A ITIU 
Neg. A 1TIG3 LongitudlniJ iccUon Itiru weld annealed 

al udion thru weld ai welded. from 87S C. lumace cooled. Photo thows 

Currant lO.OOD; tcnnlul voltage G; heavy large blow-hoki In spedmen. 4 Diameter). 

Aaih K m.^iprinfl pniaure. Photo ihowt 
larv blow.hole* In tuedmen. 4 Dianwttn. 



Nea. A 17IT5 Neg. A 1T1S7 

Photo of weld ihowiniassol (errile Irreg- Photo of weld ihowlng ferrlle gralniwllh 

ulat In ihape with few bandi of carbide. few arcu of peaillle. Note ahience ol cat- 

ISODiantetcra. bide. 150 Diameten. 



Photo dole to weld showing ferrite gralnt 
studded with peaillle areas. Normal ttruc- 
tuie. 150 Ulamelers. 
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SAMPLE No. 22 



Neg. A 17167 NeS- * "^^ 

Lonolludinal wclion thru weld as welded Longitudinal seclion thru weld annealed 

irrenll25M-termlnalvo1laae6- noflaih- »' 875" C, furnace cooled. Photo sham 

rirS^preSure Photo if^i specimen speclme- '"~ •""■ Ki™u.hni« i nij.m. 

« ^m blow-holes. 4 Diameten. 'ten- 



n blow-holes- 



Nea. A 17192 

Photo do*e to vKlil ihowi ienlte gniiM 

with nonnal pearllte mn. 150 Dtomelan. 
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SAMPLE No. 28 




Ncg. A 17169 

Longitudinal section thru weld u welded. 

Current 7,000; tennlnal voltase S; no fluh; 

spring presiurE. Photo ihowi iiKClnwn 

free Irom blow-holei. 4 DIametera. 



Neg. A 1T170 
Longitudinal sectic 
from S7S° C. furnace 
ipecimen free from 



•led. [Tioto (howt 



Neg. A I7IM 

Photo ckwe to weld (how> fenitc Bnlnt 

with normal peirliti area*. 150 Diameten. 
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SECTION D: CONTRIBUTION BY MR W. L. MER- 
RILL, OF THE POWER AND MINING DEPARTMENT 
OF THE SCHENECTADY WORKS 



ELECTRIC SPOT WELDING 

Mr. Merrill has had charge of a great deal of very impor- 
tant work which has been done in connection with spot weld- 
ing machinery for heavy plates and for carrying out tests of 
welds made with such machines. His remarks on this subject 
under date of April 4th, 1918, are as follows: 

I take pleasure in submitting an outline of the work 
done at the Schenectady Plant of the General Electric Com- 
pany in spot welding heavy plates. 

In the latter part of the summer of 1917 it was decided 
to build a heavy spot welding machine to investigate the pos- 
sibilities of welding plates from J4" up. There was no data 
available on electrodes, pressures or currents for heavy plates 
and hence, a machine of very large capacity was designed. 
The limits of this machine in pressure and current was decided 
upon on the basis that should larger apparatus than this be 
required it would probably not be a feasible scheme. There- 
fore, a 2000 KV-A transformer was built, having capacity of 
100,000 amperes at 20 volts. Hydraulic pressure arrangements 
were made to give pressure up to 36 tons at the electrodes. 
500 KV-A and 6700 KV-A motor generator sets were assigned 
to this work. 

The first part of our investigation consisted of determin- 
ing the proper type of the electrode which would stand up 
under these heavy current densities and high pressures. Var- 
ious complicate types of electrodes were built and tried. Our 
final choice, all things being considered, was the simplest type 
of all. 

From the nature of the service it was apparent that the 
very high current densities at the point of contact of the 
electrode and the work necessitated some form of cooling. It 
was found by experimenting that if the section of the welding 
electrode was carried up any considerable distance from the 
work with the same section as the area of the electrode at 
the weld that it was impossible to water-cool the electrode 
sufficiently to give it any reasonable life. 
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Therefore, it was obvious that heavy masses of electrode 
material (copper) were necessary in the immediate vicinity 
of the point of contact, so that during the time of weld, the 
electrode, due to its great thermal capacity, would take up 
heat and keep the point of the electrode at a safe temperature. 
With this construction it was possible to have a very large 
cooling surface in the top of the electrode and the water 
passing through this at the Jime of the weld and between 
welds kept the points of the electrode cool enough for all 
practical purposes. 

The life of the electrode under these conditions was con- 
sidered sufficient, it being the intention to have several elec- 
trodes available at the machine and as the points became worn 
by dragging the plates through or blunted, due to usage, they 
would be removed from the machine and fresh ones supplied. 
The original electrodes would then be swedged back to form. 
Later experiments, however, demonstrated the practicability 
of using some thin copper cups, formed between dies, which 
would be very inexpensive, and clip over the point of the 
electrode proper; these to be renewed when worn. 

During our first attempts at welding, we were much grati- 
fied to find that the limits in pressure, current and voltage 
which we had chosen were not only ample, but considerably 
in excess of any requirements which might be encountered, 
and, in justice to our engineers and factory, I wish to record 
that it was not necessary to change, improve or repair any 
part of the machine proper, the hydraulic equipment or the 
electrical equipment during the period of the tests which 
covered several months. 

In anticipation of a very narrow zone of current, voltage 
and pressure to make successful welds, there were installed 
automatic recording current and voltage devices, and a spe- 
cial hydraulic recording device built which would plot the 
three curves automatically against seconds of time, because it 
was felt that with the three variables, current, pressure and 
time, any of which might necessarily be varied through a con- 
siderable range during the process of the weld, these devices 
would be necessary in order that when a successful weld had 
been made, it would be possible to reproduce it. The results 
of tests of our first welds, however, showed that there was a 
considerable range in pressure, current and time which would 
make successful welds. Having the conditions approximately 
correct to start with, there appeared to be no reason for chang- 
ing these during the welding operation. Therefore, the auto- 
matic recording apparatus was abandoned. 

Our method of procedure was, briefly, as follows : 

Pieces of plate of various thicknesses, about 1-foot square, 
were welded together using different types of electrodes, dif- 
ferent currents and different pressures. They were then taken 

321 



Report Number Seventeen 

to the boiler shop and sheared through the middle of the weld, 
as shown in Photograph No. 109754 (page 327) (which, by the 
way, is no mean test of a weld). We then examined the dif- 
ferent welds and checked them with the observed data of cur- 
rent and pressure and more welds were produced and the 
same sequence followed until the zone of time, current and 
pressure for a given thickness of plate was determined. 

Samples 6" and 7" wide and 18" long, of various thick- 
nesses, were welded together and pulled in the testing ma- 
chine at the Rensselaer Polytechnic Institute, Troy, New York. 
These first samples, while showing the strength of the weld, 
were very good and about what we anticipated. The action 
of the machine, as will be seen from the photographs, was 
to bend the samples and rip them apart instead of shearing 
them; this, of course, due to the necessary offset in the test- 
ing machine to fit the sample. 

A number of samples were then prepared with two rows 
of welds, diflFerently arranged and spaced; also samples with 
butt strap. These showed good strength and in most cases 
were at 100% strength of joint in tension. 

Double Spot Welding : 

It will be noticed from inspection of the photographs of 
the machine that there was a single transformer with the posi- 
tive and negative connected directly to the electrodes. This, 
of course, made a loop in the supply leads of the electrodes 
and naturally introduced considerable reactive drop which 
meant, first, lower power factor on the system; and, second, 
when plates of different widths were inserted, even though of 
the same thickness and the same type of weld desired, the 
primary voltage of the transformers would have to be adjusted 
for each width of plate, due to added induction in the circuit 
caused by the plate being inserted in the loop. It was, there- 
fore, obvious that the machine would be more practicable were 
this feature eliminated, so that it would be possible to set the 
machine for a certain thickness of plate and reproduce the 
welds regardless of the width of the plates being welded. 
The connections to the transformer were then changed and 
all of the leads put on the same side of the plate being welded 
and two spots were welded at a time instead of one. Experi- 
ence showed that this was a perfectly feasible method of weld- 
ing and that the only point to which special attention would 
have to be given was some method of having equal pressure 
on each spot so that both welds would be made in the same 
length of time. 

Our conclusions from this were that a successful machine 
for heavy plate welding with a deep throat should have two 
transformers, one on either side of the work with leads brought 
directly to the electrodes. The two secondary windings of 
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the transformers when the plate was inserted and the pressure 
applied would then be in series. This is the method adopted 
for the trial machines now under consideration. It is ob- 
vious that with a machine of this construction, in case only 
one weld is desired, or it is impossible to so locate the work 
that only one weld can be made, that a small dummy plate 
can be placed between the other electrodes. 



PHOTOGRAPHS 

« 

Photo No. 109669 — General arrangement of machine and 

transformer, hydraulic piping and special 
meter for plotting pressure curves during 
the weld. 

Photo No. 109670 — Shows the machine in operation welding 

1" plate with two ^" butt straps. 
The glass in the operator's hand is used 
to protect the eyes from flying particles 
of flux, which sometimes comes from the 
weld. 

Photo No. 109747 — Shows a 3" angle spot-welded to half-inch 

plate. 

Two 12xl8xj4" thick plates welded, using 
buttons (thin steel discs), under the elec- 
trodes. Same type of plate using elon- 
gated electrode, making practically con- 
tinuous weld. 

Photo No. 109752 — Shows some work done in this ma- 
chine in welding various sizes of rein- 
forcement together, used on concrete ship 
construction. It will be noted that sample 
pulled in the testing machine broke out- 
side the weld. 

This method has been proposed for weld- 
ing up the reinforced structure of con- 
crete ships. As far as I know, it has not 
been adopted by any one. 
Time of making weld — two or three sec- 
onds. 

Photo No. 109745 — Other samples of same process. 

Photo No. 109754 — Shows (atthe left), plate cut into by the 

shear for examination of the welds, as 
mentioned in the report. The small sam- 
ple on the right of the photo shows a 
section of a >2" plate with approximately 
a }i" weld. This sample pulled at 
270(X)#, which was approximately the 
elastic limit of the specimen. 

323 



Report Number Seventeen 

Photo No. 109749— Specimen No. 33 shows two ^"x7" plates 

with the same thickness butt straps. Di- 
ameter of electrode, 1^". This sample 
was made two welds at a time. The sam- 
ple broke outside of the weld at 270,700 
lbs. Lbs. per sq. in., 52,800. 
Sample No. 17. J/^"x6". Diameter of 
electrode, IJ^". Sample broke outside 
weld at 172,600 lbs. Lbs. per sq. in., 
57,500. 

Weld showed no signs of failure. 
Sample No. 23. ^"x6". l^^" spots. 
184,300 lbs. Lbs. per sq. in., 61,400. 
The unmarked sample was a duplicate of 
No. 17 and showed identical result except 
that plate did not break. 

Photo No. 109748— Samples Nos. 14 and No. 16. J4"x7" 

plates. Three spots. One using buttons, 
other without buttons. This showed re- 
sults of too low current. 
Sample No. 16. Single spot. J4"x6". 
2J<^" electrode. 106,400 lbs. Lbs. per sq. 
in. in plate 35,400. This is an example of 
how the welds tear out when one weld is 
made near the edge of the plate. 
Sample No. 15 shows the same. Lower 
current was used, which was insufficient 
to make a proper weld. Weld sheared 
at 71,400. Stress in plate, 23,800. 

Photo No. 109746 — Side view of various samples, showing 

tearing action when a single row of spots 
is used and the testing machine is offset 
to accommodate this. It is, therefore, 
obvious from these tests that, the same as 
rivets, more than one row of spots should 
be used. 

Conclusion : 

Designs are under way for machines for trial, both for 
use as stationary tools in fabricating shops and portable ma- 
chines to use on ships. Should these machines do successful 
work, a tremendous amount of preparatory work on the plates 
can be eliminated. While it may take longer to make a heavy 
spot weld than to drive a rivet in the shop by a bull riveter, 
yet the saving back of the bull riveter in the laying off, punch- 
ing, reaming and bolting of the various parts will give a large 
overall gain in time, labor and cost. 
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«. MadilK lor Eipcilnwntal WeUlntf of Heavy Sleel by Elecirlclty. 
Current Capacity IM.OOO Amperet— Preuure Capacity 36 Ton* 
Sample Weld Belnfl Made. 



Report Number Seventeen 



1 

Photo - 109747 



Photo - 109752 



Report Number Seventeen 



1 



Report Number Seventeen 



Photo -1D9T« 



Report Number Seventeen 



Report Number Seventeen 



SECTION E : CONTRIBUTED BY MR. F. W. CALD- 
WELL OF THE SCHENECTADY WORKS. 



METHOD OF ELECTRIC WELDING IRON AND 
COPPER BY MEANS OF THE CARBON ARC PROCESS. 

Mr. F. W. Caldwell describes this process in the follow- 
ing letter to me : 

Schenectady, April 9, 1918. 
Captain James Caldwell, R. E. 
Dear Captain Caldwell : 

With relation to the small sample of copper welded to steel 
by the electric arc, I would say that the welding of such metals 
may be done in a number of ways with the arc but principally 
I used the single carbon arc grounded to steel, getting a good 
puddle of hot steel, then dipping the copper gradually into the 
arc flame, the manipulation being practically the same as sol- 
dering with a gas torch. If the copper section is large and it is 
wanted to heat rapidly, simply ground the copper so that the 
arc will get directly to the copper as well as to the steel. The 
copper should not be allowed to become too hot as it will make 
a large flame, so large in fact sometimes as to cool the steel so 
that you get a cold shut instead of a weld. The process has 
been worked using an arc consisting of two carbons and almost 
any process which produces an arc which can be manipulated 
much like a gas torch should be satisfactory. There does not 
seem to be any reason w^hy this process of manipulation cannot 
be applied to a great many combinations of metals. 

The sectionalized weld between the head of a three-quar- 
ters inch cold rolled cap screw and a piece of thin copper tube 
three-sixteenths inch outside diameter which was handed to 
you was made with a 100-ampere carbon arc with the carbon on 
the positive side. The arc is allowed to play on the steel until 
a clear puddle about three-eighths inch in diameter is formed. 
Meanwhile the copper is slightly w^armed in the gases of the 
arc. In the latter part of the operation, the arc is lengthened 
and the end of the copper inserted directly into the arc just 
long enough so the end begins to mushroom and possibly one 
or two drops of copper fall away w'ithout heating the copper 
too severely. Meanwhile the steel is kept melted and free of 
slag by the arc and then the two are simply pressed together. 
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The accompanying micrographs. Ruder A-134 and 133 show 
clearly the center band where the copper-steel alloy is formed 
between the copper and the steel. 

One of the earlier experiments I made was ten or twelve 
years ago about the time when we were arc-welding seams on 
transformer tanks. At that time an arc-welded rail bond was 
made by welding a piece of copper rail bond cable to a piece 
of cold-rolled steel. I have shown the samples to Messrs Mer- 
rill and Hobart,and they think that there should be a field for 
welding of this sort. 

Yours very truly, 

(Signed) F. W. CALDWELL. 



Photo Ruder A-133 




Copper tube welded la head of cap «i 


ewwlthcarboi 


owing band ol copper steel alloy betwe 


enileelandcoi 



Photo Ruder A-134 
Copper lube welded to head o( cap screw with c^ 
ihowinfl band of copper steel alloy between steel ar 
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SECTION F. 



TESTS OF WELDING 1915. 



COMPRISING:— 

CARBON ARC SYSTEM. 
BARE METAL ELECTRODE SYSTEM. 
FLUX-COVERED METAL ELECTRODE. 
OXYACETYLENE SYSTEM. 



INDEX. 

Date 1915. Page 

Object of Test 334 

G. E., Direct Current Arc Welding 334 

G. E., Alternating Current Arc Welding 334-335 

Polarity ', 335 

Range of Work 335 

Welding Large Pieces 3 335-336 

Welding Thin Sheet Steel 336 

G. E. Carbon Arc Welding • 336 

Range of Work 336 

Quasi Arc Welding 337 

Electrode 337 

A. C. Welding 337 

D. C. Welding 337 

Oxyacetylene Welding 337 

Comparison with test made one year ago 337 

Range of work 337-338 

Types of welds ^ _ 338-339 

Angle of Bevel 339 

Strength test, Round Bars turned to size - 340 

Average strength of all samples. 340 

Comparison of cost 341 

Comparison of G. E. and Quasi 341 

Analysis of Electrodes 341 
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REPORT ON G. E. ARC, QUASI ARC AND 
OXYACETYLENE WELDING. 



The following tests were first started to obtain a direct 
comparison as to strength and cost between G. E. Arc Weld- 
ing, using the metal electrode arc and also carbon electrode arc 
(with metal wire filler) ; and the Quasi method of welding. 
The Quasi is a process using metal electrodes covered with 
insulating or flux-producing material. 

The tests were later extended to include a comparison of 
each of these methods with the oxyacetylene method. 

G. E. ARC WELDING (Metal Electrodes). 

Method. 

In this method use is made of a bare steel wire. The arc 
is drawn between this wire and the work. The weld is made 
by filling in metal as it flows from the melting wire. 

Direct Current. 

Direct current at about 65 volts is generally used. Nearly 
all of the tests made by the G. E. Metal Electrode Method 
were made at 65 volts, and this voltage seems well adapted to 
general work. 

A few tests were made at 105 volts D. C. The 105 volt- 
arc was more powerful and it was possible to weld 1" bar sam- 
ples without a bevel (bevel is required for 65 volts) by burn- 
ing oflF the corners. Welds made without bevel are quicker 
and cheaper to make but are not as strong (see table No. 8) as 
welds made with bevel at 65 volts. 

Tests seem to indicate that welds on large work, requiring 
large metal electrodes and high current could be done quicker 
and to better advantage at higher voltages than 65 volts. This 
does not, necessarily, apply to work with the carbon arc. 

Alternating Current. 

Alternating current seems to have no advantages for weld- 
ing, and many disadvantages compared to direct current. Fre- 
quencies of 40 and 60 cycles were tried. 
Alternating Current (Bare Wire Electrodes). 

With 65 volts it was practically impossible to weld with 
bare wire electrodes using alternating current. With 105 
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volts, the arc could, with difficulty, be established and a weld 
started. The difficulty of maintaining the arc prevented mak- 
ing any satisfactory welds. 

Alternating Current (Coated Electrodes). 

For Quasi welds see description of Quasi process, page 
337. 

It was found that almost any kind of covering on the wire 
would help hold the A. C. arc. The A. C. tests made were not 
very extensive, only a few coverings for the wire were tried. 
Practically the same results were obtained with the Quasi elec- 
trodes as with our coated electrodes on alternating current. 

Welds can be made with Alternating Current, using 
coated electrodes, if no direct current is available, but the work 
costs more on account of the extra expense of the electrodes 
and the welds are not as strong and uniform. 
Electrode. 

The metal electrode used by the G. E. Company is mild 
steel wire, containing a very small per cent of carbon, also a 
small percentage of silicon, sulphur, phosphorus and man- 
ganese. 

Very few tests were made with steel other than the above 
and there was not enough information obtained to determine, 
definitely, which is the best material for metal electrodes. 
Polarity. 

In the G. E. Method the positive side of the line is con- 
nected to the work to be welded, and the negative side to the 
wire electrode. The positive side of the arc is higher in tem- 
perature, and by connecting the negative side to the electrode 
it does not melt so fast, giving more time to heat the piece to 
be welded. It was also found that the electrode did not stick 
to the work as much when the polarity was reversed. 

Range of Work. 

The metal electrode arc method covers a wide range of 
work. These tests cover welds from ^" sheet steel to 2f 
diameter bar. There is no difficulty in using this method in 
welding larger pieces up to as large sizes as it is desired to 
weld. 

Large Pieces. 

The few tests made show very good quality of welds on 
as large pieces as were welded. Making large welds is no dif- 
ferent from small welds as to handling the arc and heating the 
metal. There occur shrinkage strains (as in any welding 
method when hot metal is filled in) which call for skill on the 
part of the welder in some cases. 

These tests indicate that larger metal electrodes and 
higher currents might be used for large work with the result 
of increasing the welding speed and reducing costs. 
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The tests were not carried far enough to give information 
from which instructions could be given for welding with elec- 
trodes larger than shown in the following tables. 

Welding Thin Sheet Steel. 

In welding sheet steel as thin as J^" it is difficult to make 
a weld as smooth in appearance as by some other methods, but 
the welds are strong and are cheaper than by any other metiiod. 

It is possible to weld i^" sheet steel by using the proper 
size electrode and carefully regulating the current. The weld 
is difficult to make till the welder gets the necessary skill on 
account of the intense heat of the arc burning through. The 
welds on ^" sheet are rough in appearance but are strong and 
are cheaper than other methods. 

It may be possible to weld sheet metal less than -^^ by 
using very small electrodes and regulating the current to suit, 
and using extreme care in welding. Welding of very thin 
sheets by the arc method doesr not seem to be practical. 

Limits. 

So far as these tests show the lower limit for ordinary 
work in arc welding is about i^" or 3/32" thick sheet steel. 
There seems to be no limit to the increase in size*of large 
pieces which can be handled. 

The metal electrode arc is also well adapted to filling holes 
in steel castings and adding metal to steel surface (see page 
No. 9 for comparison with other methods). 

G. E. ARC WELDING (Carbon Electrodes). 

The same generator, voltage, panel, etc., used for metal 
electrode welding are equally useful for carbon arc welding. 

Method. 

In the G. E. Carbon Arc Method of welding the metal is 
melted by drawing an arc from the work to a carbon electrode, 
and metal is fed into the weld from a wire of the same material 
as used in the metal electrode welding. The heat of the arc 
melts this filler wire and the metal flows into the weld. 

Range of Work. 

The carbon arc is most useful in filling holes in steel cast- 
ings in welding shafts and large parts. 

The heat is too intense and hard to control to make it 
practical to weld sheet metal or small welds. 

Welds made by the carbon arc are not as strong and the 
metal deposited is harder and more difficult to machine than 
in welds by other methods, yet it is possible to do very rapid 
work and the quality in class of work referred to above is 
usually good enough to meet ordinary requirements. 
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QUASI ARC WELDING. 



Method. 



The Quasi is a welding method using patented covered 
metal electrodes." 105 volts A. C. or D. C. is recommended by 
the Quasi Arc Weldtrode Company, who make these elec- 
trodes. The welding is done by drawing an arc between the 
electrode and the work as is done in all arc welding. 

Electrode. 

The metal electrode is a mild steel wire with a very small 
aluminum wire running along beside it. Around the two is 
wrapped asbestos thread making an insulation on the wire. 
The asbestos thread is held on by dipping the wire in some- 
thing similar to water glass. 

Welding (A. C). 

The use of the Quasi or of any coated or insulated elec- 
trode helps to hold the arc in A. C. welding, but even under 
the best conditions, A. C. welds will not compare with D. C. 
welds. 

Welding (D. C). 

With the Quasi electrodes there is a tendency for slag 
from the insulated coating to get into the welds and form 
holes or weak spots. The use of the insulating covering on 
the wire is occasionally of use in getting into sharper bevels. 
This is more than offset by the increased cost of the electrode 
wire. 

OXYACETYLENE WELDING 

This process consisted in the use of oxygen and acetylene 
gases combined in a torch producing a very hot flame. 

This method is in very successful use at the Schenectady 
Works in regular production on many lines of apparatus. 

Comparison With Tests Made One Year Ago. 

This method is highly developed, though improvements 
?ire continually being made as shown by comparison with a 
report of welds tested about one year ago. In the welding of 
thin sheet metal the results a year ago and those made in this 
set of tests both show very good welds, with high tensile 
strength. But in the 1" and 2" diameter samples the later 
welds show an increase of strength of 25% or more. 

Range of Work. 

The oxyacetylene process is best adapted to welding com- 
paratively thin sheet metal. 
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Very good welding is done on ^" or even thinner sheet 
steel. 

With sheet steel of j4" or larger the cost of gases becomes 
excessive. 

On very thick pieces the heat from the flame spreads rap- 
idly, and the waste of gas is so large that the method is not 
practical where any other method can be employed. 

Metals Welded. 

Not only steel but cast iron, brasrs and other metals can be 
welded witlf the oxyacetylene process. 

TYPES OF WELDS. 

Three sets of samples were made, up and welded by each 
of the preceding welding methods. The samples selected were 
such as to represent a variety of welds, but were not great 
enough in number to cover all classes of welding. The greater 
part of the tests were made on thin sheet steel from ^" to ^". 

Butt Welds. 

Butt welds were made on samples of sheet steel from •^'' 
to 34" in thickness and on 1" diameter bar, 2" diameter bar and 
on 1^4" steel plate. The 1" and 2" diameter bars were turned 
to size before making strength tests. 

Right Angle Welds. 

Welds of this type are such as would be made at the cor- 
ner of a box in joining any two pieces at right angles. 

These welds were made only from the outside of the box. 
The strength of such a weld could be increased by welding 
from both sides, but that would increase the cost, and the 
added strength is, in most cases, not needed. 

Lap Welds. 

Lapp welds represent a condition similar to a riveted 
joint. The pieces are overlapped and two welds are made, one 
at the end of each piece. This makes a very strong joint and 
should, if the welds are properly made, be as strong as the 
strength of the material. 

Tank Welds. 

These welds are used in welding in tank bottoms and sim- 
ilar work. These samples were welded only at one joint ; that 
is, on the outside of the tank. If welded both outside and 
inside the strength of the weld would be greatly increased, 
but the added strength is not required in ordinary work. 
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Filling Drilled Holes. 

Holes were drilled 2" in diameter and 2" deep in steel 
castings and steel bars. These were filled by the arc method 
only. 

Adding Metal to Steel Surface. 

Metal was added to finished steel blocks 3"x3"xl3". Ap- 
proximately l4" of steel was added and then planed down J^". 
This was done by the arc method only. 

Size of Test Pieces. 

The size and shape of all the test pieces are given on 
K-1800972 and K-1800973. (Pages 352 and 353.) 

Angle of Bevel. 

No bevel is required on sheet metal welding up to and in- 
cluding 34" in thickness. From J4" to y^" the pieces are 
beveled ifrom one side only and larger than ^" pieces are 
beveled from both sides. 

A bevel of 90° for oxyacetylene welds was used in these 
tests, but satisfactory welds can be made at 60°, and the 60° 
bevel has been adapted as standard for oxyacetylene welds. 



STRENGTH OF WELDS 

The sheet samples in sizes from ■^" to %." had added 
metal at the weld, making the cross section larger than out- 
side weld. 

Lap and Butt Welds. 

On these two types of welds where tensile strength only 
is required, the results as given in tables 5 and 6 show the 
strength of 'the weld nearly equal on the average to the 
strength of the material. If sufficient extra metal is added 
the strength of the weld may easily be made greater than the 
strength of the material. 

Tank and Right Angle Welds. 

These pieces were welded only on the outsride of the tank 
or outside of the. angle. On account of the direction of pull in 
testing such welds, the strain is a combination of shearing and 
tensile strain that break the weld at much less than the 
strength of the metal. The welds in these samples were all 
good welds, but the direction of strain gives a comparatively 
less per cent of strength as sho\yn in tables 4 and 7. 
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Round Bars. 



Bars of 1" and 2" diameter were beveled 90° for oxy- 
acetylene and G. E. Arc, and 45° for Quasi and G. E. Quasi. 

Round bars were turned at the weld to the same size as 
the bar. The tests on round bars give results which show the 
true comparison of the strength of the weld compared to the 
strength of the bar. 

STRENGTH TEST— ROUND BARS 

(Turned to size) 

Pounds % Strength 

sq. in. machine steel 

Oxyacetylene 51250 93.2 

G. E. Metal Electrode 51100 92.8 

Quasi 43300 83.3 

G. E 40288 78.5 

STRENGTH TEST 

(Average all samples) 

Pounds % Strength 

sq. in. machine steel 

Oxyacetylene 42900 78. 

G. E. Metal Electrode 42000 76.4 

Quasi ) 

G. E. Quasi) 41400 73.3 



COST. 

The following items of cost were figured at the prices 
given below. Welding costs are actual costs with nothing 
added for overhead expenses. 

Electric Current, per Kw. Hr $.008 

Oxygen, per 1000 ft 2.200 

Acetylene, per 1000 ft 10.000 

Steel wire (Electrodes) .25 Dia. per ft 005 

Steel wire (Electrodes) .1875 Dia. per ft 003 

Steel wire ( Electrodes) .125 Dia. per ft 00157 

Steel wire (Electrodes) .0937 Dia. per ft 0068 

Steel wire (Electrodes) .0625 Dia. per ft 0004 

No. 14 Quasi (Electrodes) .08 Dia. per ft 0459 

No. 12 Quasi (Electrodes) .1035 Dia. per ft 0459 

No. 10 Quasi (Electrodes) .1275 Dia. per ft 0568 

No. 8 Quasi (Electrodes) .131 Dia. per ft 0787 

No. 6 Quasi (Electrodes) .194 Dia. per ft 0913 

No. 4 Quasi (Electrodes) .233 Dia. per ft .1147 

Labor, per hr .30 
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COMPARISON OF COSTS. 

G. E. Bare Wire lOO^o 

G. E. Quasi 380% 

Quasi 430% 

Oxyacetylene 374% 

For complete costs of welds on all tests by each method 
see tables 11, 12, 13, 14 and 15. (Pages 349 and 350.) 

COMPARISON OF RESULTS. 
G. E. Metal Electrode 

This method is much cheaper than the Quasi, on account 
of the extra cost of covered electrode. It is cheaper and much 
faster than the oxyacetylene. It is not as fast as the carbon 
arc, but can be applied to many classes of work when the car- 
bon arc cannot be used. 

Comparison of G. E. and Quasi 

The strength of welds is nearly the same. The slight 
difference shown in the tests in favor of the G. E. may be 
due to the conditions of test. 

The bevel required is 90® for G. E., and 45° for Quasi, 
the Quasi requiring less bevel on account of the insulation 
on the wire. 

In filling holes in cast and bar steel, the Quasi holes, when 
cut through, showed slag and blow-holes, while the G. E. 
were clean and in some cases the metal filled in could hardly 
be' distinguished from the original metal. See photograph 
107767. (Page 358.) 

In adding metal to steel surface the sample made by the 
G. E. Metal Electrode, direct current, method showed a bet- 
ter surface, when machined, free from holes and more dense 
than the Quasi, alternating current or direct current samples. 

ANALYSIS OF ELECTRODES. 

G. E. Metal Quasi 

Silicon 10 .14 

Sulphur 061 .031 

Phosphorus 068 .024 

Manganese 50 .55 

Carbon 17 to .21 .17 to .21 

COST OF G. E. AND QUASI 

For an equal or slightly superior quality of work the cost 
of the G. E. method is only from one-third to one-quarter the 
Quasi cost (see tables). • 
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Comparison of G. B. Metal Electrode and Oxyacetylene 
Methods. 

The oxyacetylene makes a more smooth and uniform weld 
on metal as thin as t*^" or }i", as the flame can be used to 
smooth down after the weld is made. With the arc the metal 
continues to flow from the metal electrode. 

The arc has a tendency to burn through when welding ^" 
or A" metal and requires more skill in handling on this class 
of work. But from j^" up to any thickness the arc makes good 
welds, both in strength and appearance. 

The tests show a difference in strength of approximately 
3% in favor of the oxyacetylene process. The latter process 
has, however, been in regular use in shop production for some 
time, while the arc (except for filling holes) was used very 
little. The arc welds made at the beginning and at the end of 
these tests show that a great improvement in quality of work 
was made during the tests. If the instructions given on 
K-1800971 (page 351) (instruction sheet for Arc Welding) 
are followed, the results should give a uniformly good qual- 
ity of welds. 

The metal electrode arc has a great advantage over 
acetylene in rapid adding of metal to steel surfaces. 

It is almost impossible to fill deep holes in cast steel with 
the oxyacetylene method while such work is rapidly done with 
the arc method. The metal electrode will add metal to surface 
or fill holes with clean soft metal easy to machine. 

The arc weld has a tendency to be more brittle than the 
oxyacetylene, but by welding carefully and keeping within 
proper current limits this can, to some extent, be overcome. 

The cost of the G. E. metal electrode welds from ^" 
sheet steel up to j4" and of welding bars of 1". diameter, is only 
about y^ to % the cost of the oxyacetylene. As the size of 
the pieces increase the costs show an increasing ratio in favor 
of the arc. 

CARBON ARC. 

The carbon arc with a steel wire filler is used, largely, 
for filling holes in steel castings. The heat is intense ; the arc 
can be used to burn out a hole that is deep or difficult to get 
at. The metal can be filled in rapidly. 

The quality of the work with the carbon arc is not as 
good as with the metal electrode. Carbon from the electrode 
is carried into the weld, making it hard to machine and of 
less tensile strength than the metal electrode weld. 

The use of the carbon arc is limited, as it is not suitable 
for sheet steel welding. Much better results are secured by 
the metal electrode arc. 
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The cost of the carbon arc is slightly less than the metal 
electrode arc and very much less than any other method of 
welding. 

Source of Power. 

These tests were made at the Schenectady works of the 
General Electric Company. The direct current was obtained 
from an MP-6 pole, 80 Kw., 900 H. P. M., 60 volt generator, 
driven by a 250 volt D. C. motor. 

A standard arc control panel CE-2613 was used. Dia- 
gram of connection L-1630069. (Not printed.) 

The test with alternating current and 105 volts direct cur- 
rent was made in Building No. 11, the power being supplied 
by the Testing Department. 

Blueprints 1800974-75-76-77 and 78 show method of pre- 
paring and welding joints with oxyacetylene. (Pages 353- 
355.) 

NOTE — These tests are being continued, and this report 
may be revised or a later report may be made. 



No. 1— TABLE FOR G. E. ARC WELDING 











Distance 




Length 






Size 


Kind 


Time 




Apart of 
Points 


Size 


Wire 


Amperes 


Stock 


Weld 


Min. 
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No. 2— TABLE FOR QUASI WELDING 
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No. 4— STRENGTH TEST— WELDED SAMPLES. 
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Size 


Kind of 
W>ld 


Ultimate Strength 
Strength Per Sq. In. 


Per A 
Cent. 


V. Per 
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Break 
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tl 


tt 


GEQ 7906 
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76.5 


76.5 


tt 


NOTE: Samp 


les marked from 100 to 


199 were made by 


Quasi Arc 



8-25-15 



at 105 volts. 

Samples marked from 200 to 299 were made with G. E. bare 

wire at 65 volts. 

Samples marked from 300 to 399 were made with Quasi Arc 

at 65 volts. 
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No. 3— STRENGTH TEST— WELDED SAMPLES. 
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102. 


93.8 


tt 
tt 
tt 


Carbon 


tt 


tt 




108380 


34400 


62.5 


62.5 


tt 


1-110 
1-111 
1-112 


tt 
tt 
tt 


■i} 


Q 


140320 
128120 
150500 


44800 
40300 
48000 


81.5 
73.4 
87. 


80.6 


tt 
tt 
tt 


1-312 


tt 


(( 


GEQ 


134125 


42800 


78. 


78. 


tt 


1-214 
1-213 
1-212 


r Dia. 

tt 

tt 


ii} 


GE 


43075 
36705 
39935 


54900 
46600 
50400 


99.7 
84.5 
91.5 


91.9 


tt 
tt 
u 


1-113 
1-114 
1-115 


tt 
tt 
tt 


tt ' 
It 

-\ 


Q 


37135 
39745 
34705 


47300 
50500 
44000 


86. 
92. 
80. 


86. 


tt 
« 


1-314 
1-313 


tt 

tt 


'-{ 


GEQ 


32345 
36375 


41100 
46000 


74.5 
83.5 


79. 


tt 
tt 



NOTE; 



8-25-15 



Samples marked from 100 to 199 were made by Quasi Arc 
at 105 volts. 

Samples marked from 200 to 299 were made with G. E. 
bare wire at 65 volts. 

Samples marked from 300 to 399 were made with Quasi 
Arc at 65 volts. 
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No. 5—STRENGTH TEST— WELDED SAMPLES. 



Mark 



Size 



Kind of 
Weld 



Ultimate Strength Per Av. Per Break 

Strength Per S<^ In. Cent. Cent. In 



3-222 

3-224 
3-225 

3-122 
3-123 
3-124 

3-325 

3-225 
3-227 
3-226 

3-125 
3-126 
3-127 



3-322 
NOTE: 



VA^'A' 



ti 



(i 



K 



<( 



(( 



(( 



Butt] 



« 



It 



l^x^" 



<( 



(I 



U 



« 



(i 



« 



(( 



it 



ti 



(< 



n 



tt 



tl 



n 



tt 



tt 



It 



Q 

GEQ 
GE 

Q 



20245 
20330 
17645 

21675 
20810 
21125 



53800 
54500 
47000 

58000 
53500 
56500 



98. 
99. 
85.5 

100. 
97.5 
100. 



94.1 



99.1 



Thru weld 



19370 51400 93.4 93.4 



(I 

it 
tt 
tt 

tt 



10830 

10365 

9055 

13720 
12910 
10765 



58600 
55000 
48200 

73000 
68800 
57200 



100. 
100. 
87.5 

100. 
100. 
100. 



95.8 



100. 



in bar 



<l 



Thru weld 
tt 



tt 



8-25-15 



GEQ 9895 52500 95.5 95.5 

Samples marked from 100 to 199 were made by 

at 105 volts. 

Samples marked from 200 to 299 were made with 

wire at 65 volts. 

Samples marked from 300 to 399 were made with 

at 65 volts. 

Samples marked from 300 to 399 were made with 

at 65 volts. 



in bar 
Quasi Arc 

G. E. bare 

Quasi Arc 

Quasi Arc 



Mark 



No. 6— STRENGTH TEST— WELDED SAMPLES. 



Size 



Kind of 
Weld 



Ultimate Strength Per Av. Per Break 

Strength Per Sq. In. Cent. Ceait. In 



4-228 
4-229 
4-230 


It 
ft 


Lap 1 


14320 
19895 
22565 


38200 
53000 
60000 


69.5 
95.5 
100. 


88.6 


Thru weld 


4-130 
4-129 
4-128 


tt 
tt 
tt 


tt 
tt 
it 


Q 


22985 
21405 
24070 


61200 

57400 

6440 


100. 
100. 
100. 


100. 


in bar 
It 

ct 


4-331 


it 


tt 


GEQ 


24330 


64500 


100. 


100. 


Thru weld 


4-261 
4-231 
4-233 


tt 
ti 


tl 
tt 

tt 


GE 


8640 

9965 

13545 


46000 
53000 
72100 


83.5 
96.5 
100. 


93.3 


in bar 
It 

It 


4-131 
4-132 
4-133 


ti 
tt 
tl 


it 

it 
tt 


Q 


8820 

8890 

13815 


47000 
47800 
73700 


85.5 
85.7 
100. 


90.4 


tt 
tl 
It 


4-328 


tt 


it 


GEQ 


9100 


54500 


99. 


99. 


tt 


NOTE: Samp 


lies mar 


•ked from 100 


to 199 w 


ere ma 


ide by 


Quasi Arc 



8-25-15 



at 105 volts. 

Samples marked from 200 to 299 were made with G. E. bare 

wire at 65 volts. 

Samples marked 300 to 399 were made with Quasi Arc at 

65 volts. 
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No. 7— STRENGTH TEST— WELDED SAMPLES 



Mark 



Kind of Ultimate Strength Per Av. Per 

Size Weld Strength Per Sq. In. Cent. Cent. 



Break 
In 



5-234 

5-235 
5-236 

5-134 
5-135 
5-136 

5-337 

5-237 
5-238 
5-239 

5-137 
5-138 
5-139 



5-334 
NOTE: 



lJ4xK' 



u 
a 
tt 

it 



Tank] 

[ge 



VAy^'A' 






tt 
it 

tt 
tt 
tt 

tt 

tt 
tt 
tt 






Q 




7120 
6465 
6715 

6900 
5470 
6070 



2690 
3025 
2670 



19950 
17100 
17860 

18590 
14550 
16180 



34.5 
31.0 
32.5 

33.4 
26.5 
29.4 



18500 33.6 



tt 


tt 




3250 


n 


tt 


Q 


2770 


tt 


tt 




3270 



14360 
16200 
14240 

17320 
14700 
17430 



26.0 
29.4 
25.9 

31.5 
26.8 
31.7 



32.6 

29.7 
33.6 
27.1 

29.6 



Thru weld 



tt 



tt 



GEQ 2405 12620 23.3 23.3 



tt 
tt 

ft 
tt 
tt 

ft 

tt 
ft 

H 

tt 
tt 
tt 

tt 



8-25-15 



Samples marked from 100 to 199 were made by Quasi Arc 

at 105 volts. 

Samples marked from 200 to 299 were made with G. E. bare 

wire at 65 volts. 

Samples marked from 300 to 399 were made with Quasi Arc 

at 6S volts. 



No. 8— STRENGTH TEST— WELDED SAMPLES. 



Mark 


Size 


Kind of 
Weld 


Ultimate 
Strength 


Strength 
Per Sq. In. 


Per 
Cent 


Av. Per 
Cent. 


Break 

In 


410 
413 

414 
415 


2" Dia. 

r Dia. 
It tt 

tt tt 


Butt 

tt 
tt 
tt 


111150 

28450 
25350 
26800 


35400 

48000 
38000 
41000 


63.5 

88. 
69. 
74.5 


63.5 

88. 
71.7 


Thru weld 
tt 

tt 

tt 



NOTE: Above samples made with bare wire at 105 volts. 414 and 
415 were made without bevel. 
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No. 9— STRENGTH TEST OF WELDED SAMPLES 
MADE BY OXY-ACETYLENE 



Mark 


Size 


Kind of 
Weld 


Ultimate 
Strength 


Strength 
Per Sq. In. 


Per 

Cent. 


Av. Per 
Cent. 


Break 
In 


1 
2 

3 


1" Sq. 
<< 

t* 


Butt 

it 

tt 


50600 
50235 
49795 


50600 

50235 
49795 


92. 
91. 
90. 


91. 


Weld 
it 

tt 


1-514 
1-515 
1-513 


r Dia. 


t* 
tt 
tt 


43315 
44885 
45160 


55000 
56900 
57400 


100. 
100. 
100. 


100. 


tt 
tt 

n 


1-511 
1-512 
1-510 


2" Dia. 

tt 


tt 
tt 
It 


15520 
149515 
153900 


47500 
46800 
48200 


86.5 
852 
87.5 


86.4 

• 


tt 

tt 
ft 


2-516 
2-517 
2-518 


tt 


R. Ang 
it 

tt 


. 7515 
7645 
7915 


40000 
40500 
42000 


73. 

73.5 

76.3 


74.2 


Bar 
tt 

tt 


2-519 
2-520 
2-521 


<< 
tt 


tt 

tt 
it 


12605 
12820 
12150 


33600 
34000 
32300 


592 
61.5 
59.0 


59.9 


Weld 
tt 

tt 


3-525 
3-526 
3-527 


^xlj/a' 

tt 
it 


Butt 
ti 

it 


10890 
10775 
10935 


58000 
57500 
68500 


100. 
100. 
100. 


100. 


Bar 

Weld 

Bar 


3-522 
3-523 
3 524 


'AKiy^' 

tt 
ft 


<< 
tt 
tt 


21460 
22025 
20785 


57000 
58600 
53300 


100. 
100. 
96.5 


98.8 


Bar 
Bar 
Weld 



No. 10— STRENGTH TEST OF WELDED SAMPLES 
MADE BY OXY-ACETYLENE 



Mark 


Size 


Kind of 
Weld 


Ultimate 
. Strength 


Strength 
Per Sq. In. 


Per 
Cent. 


Av. Per 
Cent. 


Break 
Id 


4-528 
4-529 
4-530 


tt 


Lap 

tt 

It 


10970 
10725 
10965 

21905 

22085 
21435 


58500 
57500 
68600 

59300 
58700 
57000 


100. 
100.^ 
100. 

100. 

100. 
100. 


100. 


Bar 
Bar 
Bar 


4-531 
4-532 
4-533 


y^xVA' 

tt 
tt 


tt 
ti 
ti 


100. 


Bar 
Bar 
Bar 


5-537 
5-538 
5-539 


VsxVA" 

tt 
tt 


Tank 
<< 


2495 
2210 
2760 


13300 
11750 
12106 


24.6 
21.4 
22. 


22.6 


Bar 
Bar 
Weld 


5-534 
5-535 
5-536 


y^xVA" 

it 
n 


tt 


4936 

5675 
5196 


13100 
15100 
15600 


23.8 
27.4 
24.7 


26.3 


Weld 

Bar 

Weld 
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Size 



K 



it 



t* 



If 



Mxm' 



tt 



r Dia. 
2" Dia. 
154x45^" 
Hole 2" 



No. 11— WELDING COSTS 
LABOR COST. 



Weld 



Rt. Ang. 
Butt 
Butt 
Rt. Ang. 
Tank 
Lap 
Butt 
Rt. Ang. 
Tank 
Lap 
Butt 
Butt 
Butt 
Dia. 2" Deep 



G. E. 



G. E. Q. 



Quasi 



Acetylene 



.0033 


• 




.0094 


.005 






.009 


.01 


.ois 


.015 


.019 


.001 


.005 


.014 


.0125 


.016 


.006 


.004 


.036 


.02 


.018 


.012 


.051 


.01 


.016 


.02 


.0304 


.01 


.013 


.0175 


.0304 


.013 


.007 


.009 


.048 


.035 


.051 


.02 


.033 


.052 


.042 


.046 


.113 


.245 


.11 


.185 


.422 


.31 


.10 


.114 


56.5 


.20 


.225 







Size 



No. 12— WELDING COSTS. 
ELECTRODE COST. 



Weld 



G. E. 



G. E. Q. 



Quasi 



Acetylene 
Wire Filler 



Axlj^- 


Rt. Ang. 


.00026 






.00006 


u 


Butt 


.00026 






.00006 


HxVA" 


Butt 


.0005 


.023 


.0688 


.0003 


n 


Rt. Ang. 


.0008 


.023 


.0343 


.0004 


tt 


Tank 


.001 


.023 


.007 


.0003 


<« 


Lap, 


.0012 


.042 


.05 


.0006 


VaxVA" 


Butt 


.0018 


.066 


.0845 


.0009 


<4 


Rt. Ang. 


.0023 


.042 


.0625 


.001 


« 


Tank 


.0023 


.037 


.0282 


.001 


it 


Lap 


.0031 


.122 


.152 


.0015 


r Dia. 


Butt 


.007 


.197 


.319 


.004 


2" Dia. 


Butt 


.037 


.708 


.859 


.03 


1^x4^" 


Butt 


.047 


.70 


1.13 


.032 


Hole 2" 


Dia. 2" Deep 


.068 


1.72 







No. 13— KILOWATT AND GAS COST 



Size 



Weld 



G. E. G. E. Q. 



Quasi 



Oxy. 



Total 
Oxygen and 
Acet. Acetylene 



Axlji" 


Rt. Ang. 


.00022 






.0036 


.0015 


.0051 


M 


Butt 


.00022 






.0035 


.0014 


.0049 


HxVA" 


Butt 


.0006 


.0005 


.0019 


.003 


.0078 


.0108 


it 


Rt. Ang. 


.0009 


.0004 


.0015 


.00206 


.0053 


.0073 


tt 


Tank 


.0009 


.0005 


.0006 


.0037 


.0111 


.0148 


•< 


Lap 


.0012 


.0009 


.002 


.0078 


.0222 


.03 


Kxl^" 


Butt 


.0013 


.0013 


.0032 


.0121 


.0161 


.0282 


tt 


Rt. Ang. 


.0017 


.0012 


.0023 


.0113 


.015 


.0263 


it 


Tank 


.002 


.001 


.0012 


.0212 


.0228 


.044 


ti 


Lap 


.0025 


.0023 


.0042 


.041 


.042 


.0.^3 


1" Dia. 


Butt 


.007 


.003 


.0083 


.0525 


.091 


.1435 


2" Dia. 


Butt 


.03 


.017 


.025 


.381 


.779 


1.160 


154x4^4" 


Butt 


.043 


.0175 


.041 


.52 


1.05. 


1 "*** 


Hole 2" Dia. 2" Deep 


.03 


.04 
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No. 14— TOTAL COST 



Size 


Weld 


G. E. 


G. E. Q. 


Quasi 


Acetylene 


it 


Butt 


.0055 






.014 


%xVA" 


Butt 


.011 


.0385 


.085 


.03 


»• 


Rt. Ang. 


.013 


.0284 


.05 


.02 


<( 


Tank 


.0179 


.0295 


.011 


.05 


<< 


Lap 


.0224 


.0614 


.064 


.081 


'A^v/2" 


Butt 


.013 


.083 


.107 


.059 


it 


Rt. Ang. 


.014 


.056 


.082 


.057 


(i 


Tank 


.019 


.045 


.039 


.093 


l( 


Lap 


.04 


.175 


.176 


.168 


V Dia. 


Butt 


.066 


.24 


.Z7 


.262 


2" Dia. 


Butt 


.31 


.83 


1.07 


1.612 


1^4x4H" 


Butt 


.46 


.82 


1.28 


2.16 


Hole 2" Dia. 


2" Deep 


.298 


1.98 







No. 15— PERCENTAGE COST OF DIFFERENT METHODS OF 

WELDING COMPARED WITH THE G. E. 

METHOD TAKEN AS 100% 



Size 


Weld 


G. E. 


G. E. Q. 


Quasi 


Acct. 


^xVa" 


Rt. Ang. 


100% 




• • ■ * • 


362%, 


'A^n," 


Butt 




350% 


770% 


278% 


•( 


Rt. Ang. 




218% 


3887c 


154% 


•t 


Tank 




165% 


61.5% 


279% 


u 


Lap 




274% 


290% 


362% 


'A^ni" 


Butt 




637% 


820% 


45S% 


•( 


Rt. Ang. 




400% 


585% 


407% 


It 


Tank 




237% 


2QS% 


486% 


u 


Lap 




438% 


410% 


420% 


r Dia. 


Butt 




364% 


560% 


397% 


2" Dia. 


Butt 




267% 


345% 


520% 


1^x4^^" 


Butt 




178% 


278% 


470% 


Hole 2" Dia. 


2" Deep 




670% 




• • • • • 


AVERAGE 


100% 


380% 


480% 


374% 
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et/rr i*eii>9 \ 


dwr 


mn 


«MS/ 


Sv'i- 


•amot 


r 


/-X/g 


/-I/3 


/-9/9 


/-sia 


/• 


i-xa 


/-/M 


/■»4 


/-S/4 


/■ 


t-xt^ 


j-ns 




/-s/s 


f 


/-rot 


/-//e 


/-3/r 


/■S/o 


?■ 


j-rca 


/'/// 




/'S// 


2- 


/-2// 


/'//r 




/'S/e 






•<;^ 






u 



wv 



"T 



4 
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mB£X TO A/UMB£/fS ON WSliXO SM1Pi.£S 



/NSTKUCT/OA/ SH££r /»/T 






„d*^, 







S3 



,^^.^„ 


•S" 


.^^^ 


•--4 


fe- 


a/ 


•^llr.f 


te 


s/ 


««jr»i- 




at 


^.ir-r 




eg 


,^,i- 
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KW00975 




S6 



ffL 



K 



\ 



/d 



S7 



% ernuet^er 



j( emeta*er 




s/o 



\'y 




y-^^-y 




^ 



:i 



// P/2 



P /3 




J 










P/!ff 

38% £/v/e/£Afcr 



P /6 





P /7 

3SZ s^^/c/JTA^y 



P/8 



K 1800977 
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K 1800978 










^ 



%^rrjc/£/^y 



%rrfyc/£/^y 






I 



% ^rf7C/£A^y 




% s^j^x/SAcy 



MX 






%/R^^/e/^Aig-y 




\*f/ 



S 2S 



S26 

%£^rfyc/£/^cr 




S 28 



^ 




%/trfK/SAer 





S3/ 
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%^^/^Jc/^A^y 
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Quul C. E. Bare Acetrlene 

If Weidi In I inch DIameler and 1 Inch Souare Sletl Bars, 
AccWeldiateSVolti, 



tOTTM Quui Arc C. E. Bare Wire Arc 

Filling 2 Inch Diuneter Drilled Hidet in Steel CasUngt. Weldi at 65 Volti. 
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I07TG7 Flit Ilnch EHameler DiiHed Holes In Machine Steel Blocla. 



C. E. Bare Wire Arc— D. C. 54 Volts. 



lOnSE QuasiArc-D.C. 105 Volts Quasi Arc-A. C. 105 Vi 

Adding Metal to the Surface of Machine Sle«l Ban. 
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SECTION G: 

CONTRIBUTION BY 

MR. W. J. DELLES, ASSISTANT MANAGER'S 

DEPARTMENT AT SCHENECTADY WORKS 



The attached photographs show booths erected in a sepa- 
rate shop at the Schenectady Works. 

Initial instruction was given there by Admiralty Op- 
erator Sapper J. M. Muir to six men supplied by Mr. E. E. 
Mac Nary to form a nucleus of his elecrtic welding instruc- 
tional staff. 

When installing electric welding in workshops, it is rec- 
ommended that such isolating booths be provided to prevent 
operators interfering with each other's work, and also to pro- 
tect the workijien from the light of adjacent "arcs." 
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PROTECTIVE DEVICES FOR ELECTRIC 
WELDING OPERATORS 

The eyes should be protected from the light of the arc by 
lenses, comprised of one or more each of red and green glass. 
The number of glasses used depends *on the individual. In 
some cases a total of five glasses have been used. A good rule 
is to use more glasses whenever the eyes give trouble. A lens 
of ordinary glass on the outside protects the colored glass 
from being pitted by the molten metal. 

The face, arms and hands should also be protected, other- 
wise they will have the symptoms of severe sunburn. The 
masks protect the face. Clothing should be worn to protect 
the hands and arms. 

Below is a table referring to photographs of several types 
of masks. Masks No. 2 and No. 4 are preferred at the General 
Electric Company, Schenectady, N. Y. The shape should be 
such that but little light can come in from behind, as it inter- 
feres with the view of the work. These masks are of alum- 
inum with the clamps so arranged that at least six glasses may 
be placed in the w^indow. 

Front Rear 
View View 

1. Shield — A slightly curved hand shield 1 

2. Mask — A semi-ellipsoid 2 

3. Mask — A larger view of the mask described 

above 3 4 

4. Mask — A flat surface mask 5 6 

5. Helmet 7 

6. Helmet 8 
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Fi(.3 


Fig. 4 


FronlVfcw 


Back View 


Protective Dtvlcei (or Elecdk Weldln 


Operator! 
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Front Vie* BkK Vltw 

Protective Dcvtm for Electric Welding Operalon 
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ELECTRIC ARC WELDING 
COMPARATIVE DATA— COST & CURRENT 

REQUIREMENT 
WITH BARE AND FLUX-COVERED METAL 

ELECTRODE 

Compiled by 

CHESTER SHIPBUILDING COMPANY 
RESEARCH & EXPERIMENTAL DEPARTMENT 

I am indebted to Mr. J. G. Dudley for the following in- 
formation, which he obtained as a result of recent tests. 





Thickness of Cost of Electrode 


Labor at 


Current at 


Total Cost 


Metal and Electrode 


Per Ft. Weld 


$0.50 per hr. 


$.01115 per K\V 


Per Ft. Weld 


tV" 


Slag Coated 


$0.02 


$0.0125 


$0.000854 


$0.03335 


^" 


Uncoated 


.00472 


.025 


.001449 


.031169 


w 


Slag Coated 


.03 


.02083 


.001428 


.05225 


r " 


Uncoated 


.00918 


.03125 


.002996 


.04342 


Id 


Slag Coated 


.05 


.025 


.003213 


.078213 


A" 


Uncoated 










'A" 


Slag Coated 


.06416 


.025 


.004291 


.09345 


Vi" 


Uncoated 


.03255 


.05 


.009589 


.092139 


A" 


Slag Coated 


.0725 


.05 


.007721 


.13022 


A" 


Uncoated 










■)k" 


Slag Coated 


.1075 


.06666 


.010213 


.18437 


•ys" 


Uncoated 


.05816 


.07692 


.018354 


.153434 


7 " 
Iff 


Slag Coated 


.155 


.08333 


.012873 


.251203 


zV 


Uncoated 










V2" 


Slag Coated 


.185 


.0909 


.013972 


.28987 


'A" 


Uncoated 


.09281 


.11628 


.031116 


.240206 




Slag Coated 










V8 


Uncoated 


.13464 


.17857 


.05336 


.36657 



NOTE: Cost of AIR to drive rivets based on four rivets per ft. 
Amount of AIR to drive one rivet after steel is set up = 
90 cu. ft at 100# pressure = 15 HP at $0.01115 per K\V 
= $0.1247 X 4 rivets per foot = $0.4988. This does not 
include LABOR for drilling, punching or assembling. 



367 



Report No- 20 



NEW YORK NAVY YARD INVESTIGATIONS 
OF ELECTRIC WELDING 

A — Tests by Bureau of Steam Engineering 
B — Tests of Quasi-Arc System 

(1) Tests by Machinery Division 

(2) Tests by Hull Division 

(3) Description of Outfit 
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SECTION A: ELECTRIC ARC WELDING— REPORT 
OF TESTS MADE AT NEW YORK NAVY YARD 

By Direction of 
BUREAU OF STEAM ENGINEERING 
SEPTEMBER, 1917. 

1. Tests have been under way in the testing laboratory 
during the past year on various" types of electric welding out- 
fits. Tests have actually been conducted on the following out- 
tits : Siemund-Wenzel, C. & C. Electric Co., Westinghouse 
Electric & Manufacturing Co., Wilson System, as used by 
I'>ie Railroad Co., Federal Electric Welding Co., and in addi- 
tion the following have been investigated and considered: 
Electric Welding Co., the Quasi-Arc Weldtrode Co. The 
different systems investigated and tested are described in de- 
tail later in this report. There may be other outfits on the 
market, but it is believed that all the principal ones and at 
least 'all the different types, have been considered. Of the 
various radically different systems of electric arc welding, it' 
is believed that the Slavianoff system alone merits serious con- 
sideration for general work. This system is based upon the 
use of a metallic pencil as the negative electrode (or cathode), 
and the article worked on as the positive electrode (or anode), 
and the use of continuous current at low voltage. 

2. The quality of the weld obtained is dependent on the 
following: First, the skill of the operator. Second, furnishing 
the correct amount of energy at the weld for obtaining the 
proper working temperatures of the material to be welded. 
Third, the quality of the metal electrodes (the welding wire). 

3. The Operator — A certain amount of skill and experi- 
ence is required of the operator, no matter what system of 
electric welding may be used, but some types of outfits require 
much more skill and closer attention than others; and it is 
considered essential that the ideal system should require a 
minimum of experience and only normal mechanical skill. A 
system which depends primarily on the skill of the operator 
cannot turn out consistent work and is not suited to the 
navy's use. 

4. The Correct Amount of Energy — The material worked 
on, the anode, is heated by the im])inging of the cathode 
stream : l)y the joulean heat developed by the ohmic contact 
resistance ; and by the radiant heat given off by the arc, the 
metallic pencil, or cathode, is heated by the joulean heat due to 
its ohmic resistance to current flowing and by the slight con- 
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tact resistance at the electrode surface. The greater propor- 
tion of the heat generated at the arc is at the anode, or mate- 
rial being welded (approximately 75 per cent of the total heat), 
when the metallic arc is used. This is quite satisfactory, due 
to the greater means of dissipation at the anode by radiation, 
convection, and conduction. Practically all the energy sup- 
plied to the arc is dissipated as heat, only a slight proportion 
being given off as light ; and to regulate the amount of heat 
units, and thereby the temperature of a particular shape and 
class of material, it is essential to regulate the amount of 
energy supplied to the arc as measured in watts. The maxi- 
mum temperature of steel in the usual converter is approxi- 
mately 1,800 degrees C, the melting point being approximately 
1,400 degrees C. ; the temperature of boiling steel at atmospher- 
ic pressure is approximately 2,450 degrees C, while the tem- 
perature of the arc stream may greatly exceed this. The result 
is that in electric arc welding, steel is being worked near a 
critical temperature. The material to be welded should be in 
a plastic state sufficient for the proper intermixing of the metal 
and obtaining of perfect fusion ; if the temperature is too low^ 
the added material will not adhere to the original metal, and 
the weld will fall apart at the surface ; on the other hand, if 
too high a temperature is obtained, the metal will be burned 
and the weld will be greatly weakened by the slag thus formed 
and will be of coarse and irregular structure. The safe work- 
ing temperature depends somewhat on the material to be 
welded, and the operator quickly obtains the necessary experi- 
ence to tell if he has the proper temperature. The amount of 
energy necessary to obtain the proper temperature at the weld 
depends upon the size and shape of the piece worked on", it 
being the amount of energy necessary to supply the heat losses 
and keep the weld constantly at the proper welding tempera- 
ture. The amount of energy required varies as the whole 
mass of the article becomes heated, a greater amount being 
required at first when the mass is cold ; for this reason it is 
important in order to obtain consistent results to have a control 
of the energy at the operator's end of the line. This control 
should require very few changes in the supplied energy and is 
not to overcome the variations of energy due to changes in arc 
length. The temperature at the weld should remain practical- 
ly constant; a momentary inrush of current will burn the 
metal at that point, and cause a flaw, with the chances of 
reducing the tensile strength of the weld 50 per cent or even 
more. 

5. Electrodes — There are two methods of electric arc 
welding — one, the Bernardos process, in which a carbon elec- 
trode is used ; and the other, the Slavianoff process, in which 
the metallic electrode is used. As a result of the tests which 
we have conducted, and from the experience of others in elec- 
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trie arc welding, it is believed that the carbon electrode process 
is not suited for general work, some of the reasons being that 
much greater difficulty is experienced in maintaining the 
proper temperature, and there are more chances of getting an 
excess of carbon in the weld. In the Slavianoff process, which 
is nearly universally used at present, it is necessary to have 
metal electrodes of such material that the deposited metal in 
the weld shall have practically the same characteristics as the 
rest of the metal of the object worked on. As certain of the 
constituents of the electrode are partially lost in the arc, it is 
usually necessary to have the electrode contain an excess of 
certain materials over what is desired in the finished weld. 
The amount of the loss of these constituents depends upon the 
temperature, and it is necessary in order to obtain desired and 
consistent characteristics in the finished weld to have a con- 
^ant temperature at the weld. The steel companies will guar- 
antee the results with the electrodes which they supply only 
if the system of the welding with which they are used can 
maintain a constant temperature at the weld. 

6. Fluxes — Certain companies claim that a flux is neces- 
sary to obtain good results, but in the tests conducted all sorts 
of material and in all positions have been welded, and the best 
results have been obtained from systems in which no flux is 
used. The claim in favor of the flux is that it blankets the 
weld by forming a gas around the material, which prevents 
oxygen reaching it and thereby prevents oxidation. This has 
been proven not necessary, by making similar welds first 
where oxygen was entirely excluded and then under normal 
conditions in the air, and there was no difference in strength 
or structure of the weld. Another claim is that the flux acts 
as a scavenger to remove the impurities from the weld. It 
cannot act in this way unless the metal actually boils, and this 
is a condition which, as previously shown, should be avoided. 
There are also certain users who believe a flux necessary for 
overhead work, but, in tests conducted, as good and consistent 
welds were obtained when welding overhead without a flux 
as in any other position. It is considered that in a good elec- 
trical welding system a flux is not necessary and simply an 
added expense and complication. 

7. Equipment — The necessary equipment should consist 
of a flat compounded interpole motor generator set (a slight 
overcompounding is desirable if induction motor is used), the 
armature winding being insulated with mica to prevent ruptur- 
ing of insulation when arc is broken ; usual control apparatus 
for motor generator ; control for each welding circuit ; electrode 
holders; protective coverings for the operator; necessary 
metallic electrodes; and carbon electrodes for cutting. It is 
believed that a two-welder equipment, with a continuous rat- 
ing of 300 amperes is most satisfactory for general use in the 
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navy. At a later date, as its advantages become more recog- 
nized and its uses become better known, it is probable that 
large equipments will be necessary in shops, etc. 

8. Automatic Control — While it is recognized that it is 
desirable to have as simple an equipment as possible, it is con- 
sidered necessary to have an automatic control of the input 
energy to the weld (the reasons for which have been previous- 
ly mentioned) so that when the proper amount of energy has 
been determined for a particular job it will remain constant 
regardless of the varying of the arc length. A system with 
fixed resistances depends entirely on the skill of the operator 
in maintaining his arc length constant and thereby the energy 
constant. This system gives good results at times, but our 
tests showed that even with a skilled operator, furnished by 
the manufacturer, tensile strengths varying as much as 50 per 
cent on the same class of material were obtained. It should 
be possible for the operator to set the current controller at 
the desired amount as well as at the panel board; the con- 
troller should automatically keep the current approxi- 
mately at the fixed value. A variation of less than 5 per cent 
can be obtained with a well-designed equipment. 

9. Cutting — The electric arc has been found suitable for 
cutting, but a carbon electrode must be used; no automatic 
current control is necessary, although a choke coil is advis- 
able, to pjevent large inrushes of current. The amount of 
current varies with the size of the material to be cut; from 
250 to 400 amperes are required for burning of rivet heads and 
light section plates, while from 600 to 800 amperes may be 
required on plates 4 inches thick. This is a momentary load, 
however, and a 300-ampere continuous-duty machine is con- 
sidered sufficient. It is necessary to cut away the edges of the 
cut and remove the burnt metal. 

10. Preparation of Material to Be Welded — ^The material 
to be welded should be cleaned with a scraper or wire brush 
to remove oxides and prevent forming of slag; and it is also 
necessary to bevel the edge sufficiently so that the distance 
irom the electrode to bottom of the weld is less than that of 
the electrode to any other part of the article, so that the arc 
will not stray. In thick plates, where possible, and especially 
in castings, it is usual to weld from both sides, and in this case 
the original material is pointed by beveling on both sides. 

11. Applications of Arc Welding. — During the past year 
this yard has had contract electric welding done on boilers of 
various ships. Certain defective castings have been welded, 
blow-holes filled in others, and miscellaneous repair work has 
been done while the various machines were under test. Addi- 
tional uses are being developed as the advantages of this 
method become better known. A large saving in cost over 
other methods of repair has been made on boiler jobs, in 

373 



Report Number Twenty 

addition to a saving in time, notwithstanding the large profit 
which the outside contractors have made on the jobs. A spe- 
cific application of arc welding is in the making of high-speed 
tools. The tool is made of ordinary steel, and high-speed 
tool steel is used for the cutting tdgt only. 

Some of the various applications are as follows : Building 
up of work, wearing parts, pins, rollers, bearings, etc. ; welding 
of plates in lieu of riveting, or w'here seams are leaking; build- 
ing up of rivets; building up of stripped gears; repair of 
cracked castings ; making of high-speed tools ; filling blow- 
holes. In manufacturing work : Welding of heads on tanks ; 
welding of tubes in tube sheets; welding of feet and end 
frames, etc. 

Brass, bronzes, and aluminum, as well as steel, cast steel, 
wrought iron, cast iron, can be welded, but none of the dem- 
onstrators have been able as yet to get very high tensile 
strength on naval brass. 

12. Special Application for the Navy — Electric arc weld- 
ing is considered especially applicable for use on shipboard for 
emergency repairs of all sorts. In this connection it may be 
noted that the British cruiser Glasgow put in to Rio de 
Janiero after the battle off Chile with several holes below or 
near the water line, was able with an arc-welding set, which 
happened to be in Rio de Janiero, to weld plates over the holes 
inside of 24 hours and put to sea, taking with them the arc- 
welding set. It is considered that all first-class ships should 
be equipped with electric arc-welding outfits of some descrip- 
tion in addition to sets on the repair ships. 

DESCRIPTION OF ARC-WELDING SETS 
SUBMITTED FOR TEST 

1. C. & C. Electric & Manufacturing Co. — The apparatus 
consists of a special direct-current generator wound for the 
proper welding voltage and amperes. The generator and 
motor are mounted on a common bedplate provided with four 
wheels and pulling handle. The motor starter, generator field 
rheostat, and control panel are mounted on the common bed- 
plate, making the entire outfit portable and readily wheeled 
into any desired location on a ship. The chief distinction of 
this outfit is the automatic series contactors. These automat- 
ically reduce the current in one step upon the application of a 
short-circuit produced by striking the arc. Upon drawing the 
arc to the operating distance the contactor cuts out resistance 
, to a predetermined section of the dead resistance. Excessive 
overloads are provided for by a series contactor which cuts in 
resistance until the current is reduced, whereupon the resist- 
ance is again automatically cut out. The motor is furnished 
suitable for the particular requirements and has no bearing on 
the welding scheme. 
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2. Westinghouse Electric & Manufacturing Co. — This 
apparatus consists of a compound-wound generator driven by 
a direct-coupled motor mounted on a common bedplate. Both 
the Bernardos and Slavianoff processes are used, the former 
being used for heavy pieces and the latter for lighter work. 
The current of the system is regulated* by series resistances 
operated in steps by single-pole non-automatic switches. The 
system requires that the operator maintain a constant arc 
length, as the current is not maintained at a constant value 
other than that furnished by the regulation of the generator. 
Short-circuiting is prevented by a fixed dead resistance, and 
excessive overleads are prevented by a single-pole overload 
circuit breaker which requires to be closed by the operator 
after functioning. 

3. Wilson Electric Welder as Used by the Erie Railroad. 
This outfit consists essentially, of a constant voltage gener- 
ator driven by any constant-speed motor, all mounted on a 
common bedplate. The regulation of the welding current is 
maintained by means of a series carbon pile acting as a series 
resistance of varying quantity under the action of increasing 
or decreasing mechanical pressure. This pressure is produced 
by means of a series solenoid operating mechanically on a 
lever and spring system which varies the pressure on the car- 
bon pile inversely as the current in the main circuit. This es- 
tablishes a constant current balance at any predetermined 
adjustment between a maximum and minimum range designed 
for. This change in adjustment is controlled by the operator at 
the point of work by means of a small pilot motor which shifts 
the lever center of the pressure mechanism, thereby raising 
or lowering the operating current. This system maintains a 
constant predetermined current at the arc regardless of the 
arc length. The operation of the mechanism is positive and 
quick acting. A special series choke-coil is mounted on the 
control panel for use as a cutting resistance. 

4. Siemund-Wenzel System — This s>'stem consists of the 
usual constant-voltage generator driven by a motor or engine. 
The principal feature of this system lies in having the gener- 
ator operating at full load all of the time and using the current 
in the arc when welding, or dissipating the energy through a 
resistance by means of a solenoid switch. The disadvantage 
of this system lies in its low efficiency, due to continuous load 
on the generator when not actually welding. 

5. The Federal Electric Welding Co. — This system em- 
bodies the usual constant-voltage generator and constant- 
speed motor mounted on a common bedplate containing also 
the control panel, with meters and relays. The current is 
controlled from excessive values by a series relay which cuts 
in generator field resistance, thereby reducing the generator 
voltage to a safe value. 

375 



Report Number Twenty 

• 

6. The Quasi-Arc Wcldtrodc Co. — This system was not 
submitted for examination or demonstration. This scheme, 
however, requires the use of special fluxes in addition to the 
usual arc current. It has been clearly demonstrated that suc- 
cessful and reliable welds can be provided without the use of 
fluxes. Fluxes complicate the operation, increase the cost of 
materials, and are generally undesirable. 

7. The Electric Welding Co. — ^This system consists of 4 
flat compound generator, with a motor drive as required. The 
scheme used is that of a constant-current regulation device 
on the generator. One or more welding circuits are placed in 
series, and the constant current is regulated through the sys- 
tem in connection with a small fixed seriesr resistance by means 
of an automatic field regulator. The regulator increases or 
decreases the generated voltage and balances the change in 
line resistance due to varying arc lengths. This system is not 
considered to be practical for ship use, as each welding oper- 
ator could work only on insulated work. A grounded section 
would cut out or shunt the succeeding sections. 



TENSILE STRENGTH TEST 



Sample 

Welding Manufacturer No. 

Stock Hat steel 1 

Do 3 

Westinghouse Elec. & Mfg. Co. 1 

Do 2 

Do 3 

Navy Yard Acetylene Gas 1 

Do 2 

Siemund-Wenzel Elec. Weld- 
ing Co 1 

Do 2 

C. & C. Elec. & Mfg. Co 1 

Do 2 

Erie Railroad 1 

Do 2 

Federal Elec. Weld. Co "1 

Do '2 

Stock round steel 1 

Do 2 

Westinghouse Elec. & Mfg. Co. 1 

Navy Yard Acetylene Gas 1 

Do 2 

Siemund-Wenzel Elec. W^eld- 

ing Co 1 

Do 2 

C. & C. Elec. & Mfg. Co 1 

Erie Railroad *1 

Do *2 

Federal Elec. Weld. Co 1 

Do 2 

'Samples not received. 



Area of Cross 

Section in 
Square Inches 

0.235 by 1.0 
.257 by 1.0 
.227 by 1.0 
.171 by 1.0 
.182 by 1.0 
.200 by 1.0 
.207 by 1.0 



Strain per 
Square 
Inch in 
Pounds 

46,930 
59,840 
23,780 
35,670 
45,930 
34,400 
31,830 



Limit 
of Elas- 
ticity in 
Pounds 

32,890 
31,120 
22,020 
23,390 
21,970 
32,000 
31,830 



Per 
Cent. 
Elonga- 
tion 

13.8 

30.0 

.3 

.9 

8.9 

2.1 

1.3 



.312 by 1.0 57,660 
.312 by 1.0 42,040 
.34 by 1.0 52,345 



2.0 
8.0 
6.25 



.500 by 1.2s 47,770 
.500 by 1.25 47,000 



0.505d 
.505d 
.505d 
.505d 
.505d 

.505d 
.505d 
.505d 



91,600 
91,250 
'27.550 
53.550 
46,850 

41,000 
44,000 
39,750 



28,880 
28,400 



51.250 
50,250 
14,520 
31,200 
25,620 



15.0 
10.5 



16.0 

14.5 

4.0 

7.0 

6.0 



20,250 5.8 



.505d 46,575 
.505d 40,450 
'Defective. 



40,500 
40,500 



3.5 
4.0 
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SECTION B : REPORT OF TESTS OF 

QUASI-ARC SYSTEM 

MADE AT NEW YORK NAVY YARD 



1. The Quasi-Arc Weldtrode Co. (Inc.), sent represent- 
atives with equipment to this yard for a demonstration of the 
Quasi-arc methods for electric welding. The following dem- 
onstrations were made in the machine shop of the machinery 
division for the engineer officer : 

2. A large casting for the throttle valve of the U. S. S. 
AGAMEMNON and two brackets for boat cranes for the 
U. S. S. NEW MEXICO were repaired. The throttle valve 
for the AGAMEMNON had a bad crack in the neck of one 
of the connections, and a blow-hole on the outside near one of 
the flanges of about 1^ inches diameter and approximately 
the same depth. The crack was chipped into in order to get 
deep enough into the metal to. make welding effective. The 
blow-hole was welded without any chipping having been done 
and was filled up with solid metal from the bottom. The holes 
in the brackets for the boat cranes were blow-holes in the 
bearings, and were filled up in the same manner as the blow- 
hole in the throttle valve. The metal in both cases was cast 
steel, and the metal that was welded and the metal around the 
weld remained soft so that it could be machined without dif- 
ficulty. 

From the experience gained in electric welding in the ma- 
chinery division, it is considered that all these welds were en- 
tirely satisfactory. In addition three specimens were welded, 
one of cast steel, one of rolled steel, and one of cast iron, and 
were later pulled and examined with the results included in 
Appendix 1. (Pages 379-389). Appendix 1 is considered com- 
plete and requires no comment. The following points, never- 
theless, should be noted : 

That in the case of cast steel an elongation of 6.5 and in 
the case of rolled steel an elongation of 8 per cent in 1 inch 
was obtained. This was considered excellent for a welded 
specimen. It also should be noted, as shown in figure 3, that 
the heat from the arc extends for about 1 inch from the weld, 
which might cause a slight distortion in certain cases of weld- 
ing of the finished, machined product. 

Appendix 2 (page 390) is tabulated data obtained as the 
result of test pieces welded for the hull division. The test 
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pieces in question were selected from a number of various 
types of welds made at this yard on August 8, 1917. The 
metals tested were the only ones having a shape and size 
suitable for testing, the remaining test pieces consisting of 
angle welding, shape welding, etc., which do not readily adapt 
themselves to testing. It is to be noted that in one of the 
test pieces the steel plating used was taken from a different 
delivery of steel plates than the plate tested for strength with- 
out weld. Different deliveries of plating will vary in tensile 
strength. It will also be noted that some of the test pieces are 
considerably lower in strength than others of the same type 
and size, the difference being due to imperfect welds, which 
are burned or only partially welded. 

3. The following comment is submitted : 

Electrical equipment as described in Appendix 3 (page 
391) is simple, inexpensive and light, and the current required 
is available at any yard or on any ship of the navy. The cover- 
ing of asbestos on the weldtrodes permits this system to be 
used to fill from the bottom, deep holes or crevices, without 
chipping out a large amount of metal, as when using the bare 
electrodes an arc forms from the electrode to the metal, where- 
as with the quasi-arc weldtrode the covering of asbestos pre- 
vents this. From the demonstration given it is believed that 
the efficiency of the weld is equal to the efficiency of other 
methods of welding that have been used at this yard. The 
method was not tried for wielding vertical surfaces and it is 
believed that certain difficulties would be encountered for this 
method of welding. This point through an oversight was not 
brought up with the quasi-arc demonstrators. The manager 
recommends that an outfit with a limited amount of weldtrodes 
be purchased for use of this yard in order to get a thorough 
trial and comparison with the other methods of welding al- 
ready in use. This is recommended in view of the increasing 
amount of work on which the electric arc welding is being 
used, in order, if possible, to get complete data as to the best 
method under various conditions for welding work. 
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SECTION B— APPENDIX 1 : RESULTS OF TESTS OF 
QUASI-ARC SYSTEM BY MACHINERY DIVISION 

NEW YORK NAVY YARD 
Per DR. WILLIAM CAMPBELL (Metallurgist) 



TENSILE TESTS OF THREE WELDS BY 
QUASI-ARC METHOD. 

No. 32. Steel, cast. Tensile strength, 37,500 pounds. 

Elongation, 6.5 per cent in 1 inch. 
No. 33. Steel, rolled. Tensile strength, 49,200 pounds. 

Elongation, 8 per cent in 1 inch. 
No. 34. Cast iron. Tensile strength, 17,200 pounds. 

(See Photographs Pages 382-389.) 
No. 32 — Made From Steel Casting. 

The general appearance of the weld is shown in Fig. 1. 
The weld metal is full of small globules of slag, 
but is not very much dirtier than the original steel. Grain 
fine. The steel has been heated a considerable distance back. 
At one side the lower critical point (say 730° C.) Ac, occurs at 
0.9 inch from the fracture, while at the other side it occurs at 
12 inches from the point of fracture. 

Fig. 1 (x90.) Shows the structure of the original steel at 
(k). Rather coarse grain. A good deal of manganese sulphide 
and oxide in the ferrite. (Page 383.) 

Fig. 2. At (a). The metal has just reached the lower crit- 
ical point, Acj and the dark pearlite has started to refine. 
(Page 383.) 

Fig. 3. At (b). The metal has reached a temperature 
somewhere between Ac, and Ac, (between 730° and say 825° 
C). Some ferrite remains unrefined. (Page 383.) 

Fig. 4. At (c). Refining practically complete. Grain 
very fine. A faint outline of ferrite cell wall is seen. This per- 
sists because it is richer in phosphorus than the rest of the 
original grain. (Page 383.) 

Fig. 5. The weld at (c). The left-hand lower corner 
shows the steel, a trifle coarser in grain than the last. The 
upper right-hand is the weld metal, fine grained, low in carbon, 
with one or two small dots of slag. The weld is perfect. 
(Page 384.) 

Fig. 6. The weld at (f) is similar. (Page 384.) 

Fig. 7. The weld metal at (e). Low carbon with a pecu- 
liar spicular structure. Grain small. A few dots of slag. The 
second print gives more contrast. The other half of the weld 
is similar. (Page 384.) 

Fig. 8. At (1). The original steel just at the lower 
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•critical point (say 730° C|). The dark pearlite has refined. 
(Page 385.) 

Fig. 9. At (g). The upper critical point (say 825** C.) 
has been pa^ed and the metal is refined. Dark spots and 
veins are manganese sulphide, etc., and segregated areas 
(ghosts). (Page 385). 

Fig. 10. The weld at (h). Junction perfect. The weld is 
very good. The few slag globules that occur in the weld metal 
are unimportant. The heat has traveled back farther than in 
the welds already examined (Wilson and Navy Yard). 
(Page 385.) 

No. 33— Made From Rolled Steel. 

The general appearance of the weld is shown in Fig. II 
The weld metal is similar to the last, but at Z is slightly 
oxidized. One or two porous spots occur at V. At 
the CD side the grain is small and granular (Fig. 16) ; at X it 
is spicular (Fig. 7). The steel has been heated back a consid- 
erable distance. The lower critical point (say 730° C.) occurs 
at 1 inch from the fracture. At Y a few coarse grains appear. 

Fig. 11. Shows the original steel at (f). Fine grained and 
somewhat laminated. (Page 386.) 

Fig. 12. At (a). The lower critical point, Ac^, has just 
been passed and the pearlite is refined. (Page 386.) 

Fig. 13. At (b). Shows the weld. The fine grained weld 
metal is on the right upper corner, the steel at the left lower 
part. The steel has coarsened considerably compared with the 
last sample, but not dangerously so. (Page 386.) 

Fig. 14. At fc). Is similar. The steel is somewhat coarse 
which tends toward brittleness under shock. (Page 386.) 

Fig. 15. At (d). The weld also. The weld metal shows 
one or two globules: of slag. (Page 388.) 

Fig. 16. The weld metal at (e). Fine grain, very low car- 
bon. This shows the largest of the slag globules. (Page 388.) 

The weld is good, though not quite so perfect as the last, 
yet its strength is greater. As before the heat has traveled 
back, about 1 inch on each side up to 730° C. 

No. 3A — Made From Cast Iron. 

The zoned structure is shown in Fig. III. The weld 
metal varies from low carbon to very high, showing free 
cementite (carbide). The weld itself shows a layer of 
material like semi-steel. A very fine grained mixture of fer- 
rite and pearlite with a small amount of minute graphite flakes. 
This is much preferable to the white cast iron found in the 
Wilson and Navy Yard welds. The cast iron has been heated 
back as in the other samples and shows similar changes in 
structure to those found in welds already examined. 

Fig. 15a. (Page 387.) Shows the original cast iron at 
{a). Black plates of graphite, in a matrix of pearlite in which 
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a littli^ of the phosphide eutectic occurs as veins. The white 
patches are ferrite associated with the graphite. 

Fig 16a. At (b). The structure has completely changed. 
The metal has been heated above 730° C, and the steel mat- 
rix shows refining. Graphite as before, the phosphide eutectic 
remains unchanged, but the matrix is now a very fine mixture 
of ferrite and sorbitic-pearlite. (Page 387.) 

Fig. 17. At (c). Very near the weld. Graphite and phos- 
phide as before. Matrix of sorbitic-pearlite. Ferrite has pre- 
cipitated on the graphite. (Page 387.) 

Fig. 18. At (e). The weld. The lower left-hand corner 
is the cast iron. Next comes a zone of material like semi- 
steel. Then a band of high carbon steel pressing into lower 
carbon at the upper right-hand corner. The junction is perfect. 
(Page 387.) 

Fig. 19. At (f). The weld. Slightly repolished to bring 
out the structure. Is similar to the last. The tiny veins of 
r-^rbide show up next the weld, in the weld metal. (Page 
388.) 

Fig. 20. At (g). The cast iron in the lower right corner. 
The weld metal is mostly high carbon steel, with a good deal 
of carbide, but not so brittle as the white cast iron found in 
the other welds of cast iron. (Page. 388.) 

Fig. 21. The weld metal at (d). Junction between a low 
and a high carbon area. (Page 389.) 

Fig. 22. Near (a). Toward the outside. Repolished 
slightly. Black plates of graphite. Veins of phosphide eutec- 
tic in a matrix of granular pearlite. A little ferrite associated 
with the graphite. The metal has barely reached the critical 
point. (Page 389.) 

Fig. 23. At (k). The coarse ferrite has been absorbed and 
the matrix is now a fine mixture of ferrite and sorbitic pearlite. 
(Page 389.) 

Fig. 24. The weld at (h). Fracture occurs at the junc- 
tion of the "semi-steel" and the high carbon weld metal. This 
is typical of the fracture which follows this junction for the 
most part. (Page 389.) 

■ The weld is very good. It shows no layer of white cast 
iron as in the Navy Yard and Wilson welds, and from the point 
of view of structure is preferable. It heats farther back than 
they do, however. 

Summary 

(1) The welds all show an excellent structure. 

(2) The cast iron is better than those previously ex- 
amined. 

(3) All show metal to have been heated farther back than 
the previous welds, the depth of the refining point (Ac,) or 
lower critical point (say 730"" C), being about 1 inch from 
the fracture. 
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Three welds by quasi-arc method. 



382 



Report Number Twenty 








WELD No, 32, QUASI, A ROLL S 



L CASTING. X 90 



Report Number Twenty 



WELD No. 12 X 90 



Report Number Twenty 



Report Number Tii-eitly 



WELD No. 33 ROLLED STEEL, X 90 



Report Number Twenty 



WELD No. 3J X M 



WELD No. 34 



Report Number Twenty 



22 Neai a. Towaid ilde. RepolUhed 



Report Number Twenty 



APPENDIX 2— RESULTS OF TESTS OF THE QUASI- 
ARC SYSTEM BY HULL DIVISION, NEW YORK 

NAVY YARD, NEW YORK. 
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APPENDIX 3: DESCRIPTION OF OUTFIT FOR 
WELDING USING THE QUASI-ARC SYSTEM 

General. 

The welding outfit, which is a modified form of the metal- 
lic arc or Slavianoff process, is simple and embodies no com- 
plicated or intricate apparatus. It is applicable to either di- 
rect-current or single-phase alternating-current circuits. 

Direct-Current Outfit. 

Current and Voltage. — The direct-current outfit will op- 
erate on from 90 to 120 volts with an arc voltage of 30 to 40 
volts and current consumption of 30 to 250 amperes, depending 
on the size of the object being welded. The maximum piece 
of w^ork that can be welded will not require more than 250 
amperes. 

Voltages under 90 volts will not penetrate cool slag. 

Equipment Required. — Current-control rheostat ; weld- 
trode holder (bronze) w'ith flexible cable ; welder's screen ; 
observer's screen ; chipping hammer ; wire brush ; assortment 
of weldtrodes. 

Control Rheostat. — The rheostat is made from 78 iron 
grids, each grid having a resistance of 0.03 ohm. There are 
16 taps, made of split copper strips clamped between the grids 
and connected to cone-shaped bronze terminals. The con- 
nectors are made of asbestos-covered copper wire. 

' The grids are inclosed in a perforated sheet-steel box ap- 
proximately 16x18x24 inches. On the front of this box is a 
slate panel, on w^hich are mounted the bronze terminals. The 
resistance is changed by shunting in or out groups of the iron 
grids. The shunt consists of a bronze plug, which fits securely 
over the above-mentioned terminals, and a short flexible cable 
connecting plug to one end of rheostat. 

Holder for Electrodes. — Holder is made of bronze, and 
the handle is insulated with a composition of soft rubber. 
Heavy leather gloves are required for use in operating these 
electrodes, due to the presence of ultra-violet rays. 

Welding Shield. — The same welding shield which is at 
present used w^ith arc welding is applicable to this system, but 
the shields of blue and green are considered preferable by the 
Quasi-Arc Weldtrode Co., Inc. 
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Weldtrodes. — The weldtrodes are made from various 
grades of steel rods. These are coated with an asbestos com- 
position under which is run a fine ahiminum wire, extending 
the full length of the weldtrode. The aluminum acts: as a cleans- 
ing agent and helps to float away the slag formed while weld- 
ing. 

Advantages of Coating. — Permits contact so that full 
length of rod may be used. Permits application of metal where 
required. Prevents drawing arc to the side, thereby permit- 
ting reaching through holes, etc. Concentrates heat by in- 
sulation. Protects fused metal from oxidation. 

Weight. — The complete outfit weighs approximately 350 
pounds. The current-controlling rheostat weighs about 260 
pounds. 

Alternating-Current Outfit. 
Single Phase. 

Current and Voltage. — This outfit operates on 60-cycle 
alternating current of 90 to 120 volts, requiring the same cur- 
rent amperage as in the direct-current outfit. 

Equipment. — Requires the same equipment as for the di- 
rect-current outfit. For supply systems of 220 volts or higher, 
a small step-down transformer is used in connection with the 
rheostat. 

Multiphase. 

Current and Voltage. — Transformers are being built for 
standard voltages of 220 to 550 volts and frequencies of 25 and 
60 cycles. 

Indicated voltage across secondary with no current is 
about 70 volts and when welding 30 to 40 volts. 

Equipment. — For this outfit a special transformer is re- 
quired in place of the rheostat used in the direct-current outfit ; 
otherwise the equipments are the same. 

Special Transformer. — The transformer is a special reg- 
ulator type. It is provided with a shifting core to obtain cur- 
rent regulation. Shifting the core varies the density of the 
flux cutting the coils, which changes the value of the induced 
E. M. F. 

Weight. — The outfit weighs approximately 300 pounds ; 
transformers about 160 pounds. 

Cost. — Rheostat, $175 ; alternating-current transformer 
(according to phase and voltage), $200 to $375; holder for 
weldtrode, $7; cable, 25 cents per foot; weldtrodes, as per 
price list. 
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TESTS OF ELECTRIC ARC WELDING CARRIED OUT 

AT THE SCHENECTADY WORKS OF THE 

GENERAL ELECTRIC COMPANY 

MARCH TO JULY, 1918. 

(A)— Outline of Tests 
(B)— Report of Results 

ELECTRIC ARC WELDING TESTS 

Bearing in mind that arc welding with bare metal elec- 
trodes has been almost exclusively used in America whilst 
flux-covered metal electrodes are mainly employed in Britain, 
it was decided during the early part of my visit, to make use 
of Sapper J. M. Muir, in the welding of test pieces. It was 
expected that the result of such tests would provide reliable 
data of the relative advantages of the work carried out by the 
different types of flux-coated electrodes besides constituting a 
comparison between these, and the bare metal electrodes. It 
was also desired to obtain such data as would define the appro- 
priate fields of application of each type of electrode. 

Admiral Bowles directed Mr. MacNary and myself to 
conduct such practical tests and instructed the General Elec- 
tric Company to provide the necessary apparatus and facilities 
at Schenectady for the work to be carried on without interrup- 
tion. 

Owing to the available quantity of flux-covered electrodes 
other than the Quasi Arc type, being insufficient to complete 
the minimum number of test pieces required to institute intel- 
ligent comparison, it was subsequently decided to limit the 
programme to Quasi Arc versus Bare Metal electrodes ; Sapper 
Muir and a Quasi Arc operator making welds with the former, 
whilst expert operators provided by the General Electric 
Company should carry out the bare electrode work. 

It is desired to call attention to the care and zeal displayed 
in connection with these experiments by Mr. E. G. Gilson, 
whose report of the results with conclusions, is as under : 
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SECTION A— OUTLINE OF TESTS. 



Outline of Tests to be conducted for Captain Caldwell and 
Mr. MacNary, for the purpose of comparing relative merits of 
welds made with flux-covered electrodes (Quasi Arc) and bare 
wire electrodes. 

Samples are to be prepared by welding together two 
plates about 12"x24" so that a* test plate about 24"x24" welded 
through the middle is obtained. From this test plate samples 
are cut as indicated by sketch attached. 

So far as possible, all test plates should be cut from the 
same large sheet plate and so arranged that the weld is made 
along the cut that separated the two plates being welded, thus 
insuring the reconstruction on the original plate with all parts 
in the same relative position. 

Three thicknesses of plates (>^", ^" and ^") shall be 
used, from each of which the following samples shall be pre- 
pared : 

No Samples 





Quasi 


Arc 


Bare 


Position Welded 


D. C. 


A. C. 


D. C. A. C. 


Flat 


4 


4 


4 


Horizontal 


4 


4 


4 


Vertical 


4 


4 


4 


Overhead 


4 


4 


4 



^ ff 



The ys" plates should be left with square edges. The 3/g 
plates should be beveled along the cut to be welded, so that 
an open angle of 60° is left. The ^4" plate should have an 
open angle of 45°. 

After welding, the sample should have excess metal 
machined from each side, so that section through weld is uni- 
form and ai)proximatcly the same thickness as the plate. A 
sample of the plate material shall also be tested. 

The Quasi arc welding is to be done by Captain Caldweirs 
operator, Mr. Muir, unless otherwise specified by Captain 
Caldwell. During the time that he is working on these plates, 
care must be exercised that Mr. Muir is not interrupted in any 
manner whatsoever. The bare wire samples arc to be welded 
by an operator who is satisfactory to Air. MacNary. When 
wxlding is being done record should be kept of the time of 
each application, number of applications, size and number of 
electrodes to each joint, current and voltage used, etc. 
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Tests. 

Two of the four samples from each test sheet are to be 
tested for tensile strength ; the other two are to be tested for 
bending. In tensile strength, the yield point, final rupture, 
elongation, and necking, if any are to be noted. The bending 
test may be made by supporting the pieces: upon two piers not 
less than 14" apart, and applying a load over the weld which 
is located midway between the piers. The load should be aj)- 
plied in such manner that bending will take place about a 2" 
radius. In this test, the angle of deflection, yield and load to 
rupture should be noted. 



HOW SAMPLES ARE CUT FROM TEST PLATES 




S' 



*7=" 



^f 






SofT^t 



3a/np^i f 



^ 




SECTION B. 
REPORT OF RESULTS BY MR. E. G. GILSON. 

(Not Yet Complete.) 
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BIBLIOGRAPHY OF ELECTRIC WELDING. 

This bibliography was prepared for me by Mr. John Lis- 
ton, who, in this connection, obtained the co-operation of the 
various libraries of the General Electric Company. 

[The 1918 section of this bibliography has been con- 
tributed by Prof. Bradley Stoughton.] 



ELECTRIC WELDING. 
1914-1918. 

Includes references to theory, various uses, methods of 

application and costs. 
1914— Bennett, A. M. 

Application of the carbon and metallic arc in cutting 
and welding. 
Machinery, v. 20, pp. 927-30, July, 1914. 
— Bryan, J. H. 

Electric arc welding. 

Western Railway Club, Proceedings, Nov. 17, 1914. 
Abst. in Railway Age Gazette, v. 57, pp. 951-53, 

Nov. 20, 1914. 
Abst. in Railway" Review, v. 56, p. 187, Feb. 6, 1915. 
Gives costs in railroad work. 
— Green, V. D. 

Low-pressure electric welding machines. 
Eng*g Mag., v. 48, pp. 178-86, Nov., 1914. 
— Heaton, T. T. 

Modern methods of welding. 

Inst'n of Mech. EngVs, Proc'd'gs, 1914, pp. 151-200, 

Feb., 1914. 
Ehg'g.'(Lond.) V. 97, pp. 300-303, Feb. 27, 1914. 
EngV. (Lond.) v. 117, pp. 247-48. Feb. 27, 1914. 
Mech. Eng'r., v. 33, pp. 201-203, Feb. 27, 1914. 
Abst. in Iron Age, v. 93, pp. 676-77, Mar. 12, 1914. 
Abst. in Amer. Soc. of Mech. EngVs' Jour., v. 36, pp. 

091-92, April 1914. 
Abst. in Industrial Eng'g, v. 14, pp. 171-72, April, 

1914. 
Abst. in Raihvav Age Gazette (Mech. Ed.), v. 88, 
p. 200, April, 1914. 
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Discussion of above paper in Eng'r. (Lond.), v. 117, 
pp. 239-40, Feb. 27, 1914. 

Important article discussing electric and other 
methods. 

-I lodges, \\*. A. 

Electric resistance process of welding and heating. 
Amer. Soc. of Mech. Eng'rs' Jour., v. 36, pp. 217-19, 
June, 1914. 

-Hogan, J. P. 

Reinforcing ruptured concrete lining in high pressure 
(Catskill) aqueduct tunnel. 
Eng'g Record, v. 69, pp. 240-43, Feb. 28, 1914. 
Describes how reinforcing rings were electrically 
welded. 

-Kenyon, (). A. 

Electric arc welding. 

Elec. W orld, v. 63, pp. 705-7, March 28, 1914. 
Industrial Eng'g. v. 14, pp. 218-9, May, 1914. 

Utilization of the carbon arc to raise metals to be 
welded to melting temperature — Description of 
methods and application. 

-Parsons, R. H. 

New uses for electric arc welding. 

Electric Railway Jour., v. 43, p. 482, Feb. 28, 1914. 
Application to railroad repair work. 

-Price, E. C. 

Repairs and welds of track and rolling stock by elec- 
tricity. 
Elec. Railway Jour., v. 43, pp. 471-72, Feb. 28, 1914. 

-Skinner, C. E. and Chubb, L. W. 

New electric welding process — Electro-percussive 
system. 
Amer. Electro-Chemo. Soc. Trans., v. 26, pp. 149-61, 

1914. 
Abst. in Elec*n, v. 75, pp. 5-6, Apr. 9, 1915. 
Abst. in Met. & Chem. Eng., v. 12, pp. 713-14, Nov., 

1914. 
Abst. in Elec. Rev. (Lond.), v. 75, p. 666, Nov. 13, 

1914. 
Abst. in Elec. World, v. 64, p. 766, Oct. 17, 1914. 
-Smith, II. Sidney. 

Fusion or autogenous welding. 
Soc. of Auto. EngVs* Bulletin, v. 6, pp. 445-59, Sept., 

1914. 
Horseless Age, v. 34, pp. 666-68, Oct. 28, 1914. 
Horseless Age, v. 34, pp. 695-97, Nov. 4, 1914. 

Considers electric and blowpipe welding and 
favors the latter. 
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— Venning, F. J. 

Klectric welding in track repairs. 

Elec. Railway Jour., v. 44, pp. 769-71, Oct. 10. 1914. 
— Whiteford, A. W. 

Cutting and welding devices in railroad work. 
Boiler Maker, v. 14, pp. 237-39, Aug., 1914. 

General article — read before New England R. R. 
Club. 
— Zuck, K. S.- 

Equipment for electric arc welding. 

Elec. Journal, v. 11, pp. 565-69, Oct., 1914. 
Gives figures on economy. 
— Zuck, E. S. • 

Some application of electric arc welding. 

Elec. Journal, v. 11, pp. 37-40, Jan., 1914. 
Automatically welded electric joints in Brooklvn. 
Elec. Railway Jour., v. 44, p. 1310, Dec. 12, 1914. 
Describes application of a portable welder of the 
Atlantic Welding Corp. and shows microphoto- 
grap^is. 
Electric welded joint and rail brace used in Cincinnati. 

Elec. Railway Jour., v. 43, p. 1467, Jime 27, 1914. 
Electric welding at the Angus shops of the Canadian 
Pacific. 
Railway Age Gazette (Mech. Ed.), v. 88, pp. 321-22, 
June, 1914. 
Gives costs. 
Experiences in electric and autogenous welding of 
steam boilers. 
Zeit. f. Dampfkessel und Masrchinenbetrieb, v. 37, 

p. 303, June 19, 1914. (In German.) 
Abstract in Amer. Soc. of Mech. EngVs' Jour., v. 32, 
pp. 0212-13, Nov., 1914. 

Slight advantage for electric welding on account 
of more limited local heating. 
New arc welding machine. 

Machinery, v. 20, p. 1005, July, 1914. 

Describes A. E. G. system using Kramer type of 
welding dynamo — Wiring Diagram and curves 
given. 
Oxyacetylene and electric welding. 

Railwav Age Gazette, v. 56, pp. 1188-9, Mav 29, 

1914.' 
Abst. in Railway Age Gazette (Mech. Ed.), v. 88, 
pp. 314-316, June, 1914. 

Report and discussion before Master Boiler 
Makers Ass'n, 1914: Concludes that electric arc 
is better for welding, while the gas flame is bet- 
ter for cutting. 
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1915— Auel, C. B. 

El^tric welding. 
Trans. Int'l Eng'g Congress, 1915, paper No. 136 

(Elec. Eng'g, vol., pp. 61-104). 
Iron Age, v. 96, pp. 1356-59, 1414-16, Dec. 9-16, 1915. 
Abst. in Power, v. 43, pp. 30-32, Jan. 4, 1916. 
Abst. in Elec'n (Lond.), v. 76, pp. 45-48, 84-86, 
Oct. 15-22, 1915. 
Important article. 

9 

— Bryan, J. H. 

Electric welding — the various methods? in use. 

Eng'rs Club of Phila. Proc'd'gs, v. 32, pp. 229-69, 

July, 1915. 
Abst. in Scientific Amer. Supp., v. 80, pp. 382-84, 
Dec. 11, 1915. 

— Bullard, J. E. 

Electric welding. 
Boiler Maker, v. 15, pp. 72-73, March, 1915. 

— Cravens, George W. 

Electric arc welding in boiler shops. 

Boiler Maker, v. 15, pp. 33-36. February, 1915. 
Gives tests of strength and costs of repairs. 

— Cravens, George W. 

Electric arc welding in steam railroad shops. 
Proc'd'gs Southern and Southwestern Railway 

Club, January, 1915. 
Abst. in Eng'g News, v. 73, p. 1084, June 3, 1915. 
Gives costs. 

— Durie, D. 

Electric welding with dynamotor sets. 
Electric Railway Jour., v. 46, p. 324, Aug. 21, 1915. 

— Fox, G. 

Electric welding. 

Elec. Review & Western Elec'n, v. 67, pp. 117-19, 
156-59, 204-6, July 17-31, 1915. 

— Hamilton, Douglas T. 

Electric butt-welding development. 

Machinery, v. 21, pp. 439-444, Feb.,- 1915. 

— Hamilton, D. T. 

Electric butt-welding process. 

Machinery, v. 21, pp. 562-5, 660-3, 735-9, March- 
May, 1915. 

— Hamilton, D. T. 

Percussive electric welding. 

Machinery, v. 21, pp. 807-12, June, 1915. 
Abst. in Sci. Amer. Supp., v. 80, pp. 396-98, Dec. 
18, 1915. 
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-Kicklighter, Charles H. 

Electric welding of commercial plate. 
Mechanical World, v. 58, pp. 153-54, Sept. 24, 1915. 
Explains how welding supplants riveting. 
-Kinkead, Robert E. 

Electric arc in the foundry. 
Amer, Foundrymen's Assoc. 
Paper read before the Sept. 30, 1915, meeting. 
-Lasher, A. C. 

How a water-tube boiler was repaired by an electric 
weld. 
Elec. World, v. 66, pp. 1207-8, Nov. 27, 1915. 
-Lincoln, J. F. 

Answers to some questions on electric arc welding. 
Amer. Inst, of Elec. Eng'rs' Proc'd'gs, v. 34, pp. 

433-38, March, 1915. 
Iron Trade Review, v. 56, pp. 623-24, March 25, 

1915. 
Abst. in Railway Age Gazette (Mech. Ed.), v. 89, 

p. 195, April, 1915. 
Abst. in Mechanical Eng'r, v. 35, p. 321, April 23, 

1915. 
Discussion of above paper in Amer. Inst, of Elect. 
Eng'rs' Proc'd'gs, v. 34, pp. 2941-46, December, 

1915. 
-Lincoln, J. F. 

Arc welding and its application in the metal-working 
industry. 
Foundry, v. 43, pp. 139-40, April, 1915. 
Iron Age, v. 95, p. 949, April 29, 1915. 
Elec. Rev. & Western Elec'n., v. 66, pp. 1161-62, 
June 19, 1915. 
-Marquand, H. S. 

Modern methods of electric welding and their applica- 
tion. 
Inst, of Elec. Eng'rs' Jour., v. 53, pp. 851-56, June 
15, 1915. 
-McDowell, C. S. 

Electriq-arc welding. 
Jour. Amer. Soc. Naval Eng'rs, v. 27, pp. 629-39, 
Aug., 1915. 

Very complete analysis. 
Randolph, J. A. 

Modern practice in electrical arc welding. 
Foundry, v. 43, pp. 316-17, Aug., 1915. 
Iron Trade Review, v. 57, pp. 490-91, Sept. 9, 1915. 
-Seede, J. A. 

Electric arc welding ; its use in the shop. 
Boiler Maker, v. 15, pp. 39-41, Feb., 1915. 
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— Zuck, E. S. 

Electric arc welding in mine repair shops. 
Coal Age, v, 7, pp. 326-30, Feb. 20, 1915. 
Electric and oxyacetylene welding. 
Int'l Marine Eng'g, v. 20, pp. 564-65. Dec, 1915. 
Attention called to the necessity of using skilled 
operators. 
Electric welding at Brighton Works ; London, Brigh- 
ton and South Coast Railway. 
Railway Gazette, Lond., v. 22, pp. 139-40, Feb. 5, 
1915. 

Use of Quasi-Arc system in repair work. 
Electric welding in boiler maintenance ; report of 
committee of Master Boiler Makers Ass'n., Mas- 
ter Boiler Makers Ass'n Proc'd'gs, 1915. 
Railway Age Gazette (Mech. Ed.) v. 89, pp. 312-13, 

June, 1915. 
Railway Age Gazette, v. 58, pp. 1166-67, June 4, 
1915. 

Discusses advantages and disadvantages of elec- 
tric welding for boiler maintenance and repairs. 
Master Blacksmiths' Convention; discussion of elec- 
tric welding. 
Railway Age Gazette (Mech. Ed.) v. 89, pp. 476-80, 
Sept., 1915. 

Gives economy in railroad shops. 
Thomson electric welding patents upheld. 

Elec. World, v. 66, pp. 851-2, Oct. 16, 1915. 
Welding — present status of the art, with references to 
recent articles. 
Sibley Jour., v. 29, pp. 197-8, March, 1915. 
Short articles. 
1916 — Armstrong, P. A. E. 

Manganese steel welding. 
Elec. Railway Jour., v. 47, pp. 1144-6, June 17, 1916. 
— Blacklock, J. B. 

Reducing the base of a gear by means of the electric 
arc. 
Elec. Railway Jour., v. 47, pp. 369-70, Feb. 19, 1916. 
— Bryan, J. H. 

Progress in electric welding ; with cost table. 
Boiler Maker, v. 16, pp. 35-37, Feb., 1916. 
Abst. in Railway Mech. EngV., v. 90, p. 204, April, 
1916. 

States that practically every large railroad shop 
in the U. S. uses the electric arc. 
— Cravens, George M. 

Electric welding in boiler and tank sfhops. 
Boiler Maker, v. 16, pp. 43-46, Feb., 1916. 
Gives tests and costs. 
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— Fox, G. 

Electric welding in railroad shops. 
Railway Mech. EngV, v. 90, 591-95, Nov., 1916. 
— Hamilton, D. T. 

Electric spot welding. 
Machinery, v. 22, pp. 1046-51, Aug., 1916. 
Machinery, v. 23, pp. 24-31, Sept., 1916. 
— Hinckley, G. C. 

Will electric welding supplant riveting in fabricating 
structural steel ? 
Eng'g Record, v. 74, p. 524, Oct. 28, 1916. 
Welding Eng'r, v. 2, pp. 41-44, Feb., 1917. 
Author favors welding and suggests tests. 
— Hoffman, E. A. 

Arc-welded track joints. 

pioo T^ailway Jour., v. 48, pp. 1244-45, Dec. 16, 
1916. 
— Ingham, W. 

A few notes on repairing a large valve chamber by 
the Quasi-Arc system. 
South African Inst, of Eng'rs' Jour., v. 15, pp. 29-32, 
Sept., 1916. 

— Kinkead, R. E. 

Electric arc welding in locomotive repair shops. 
Railway Review, v. 59, pp. 871-2, Dec. 23, 1916. 
Gives costs of welded repairs. 

— Parsons, R. H. 

Electric arc welding. 

Elec. Traction, v. 12, pp. 109-12, Feb., 1916. 

Shows how arc welding can be applied to repair 
work. 

—Ray, T. B. 

Repairing electric locomotive resistance grids. 
Elec. Railway Jour., v. 47, pp. 322-324. 
Costs of repairs by electric arc. 

^* — Sauer, Julius. 

Electric welding. 

Elec n (Lond.), v. 77, pp. 75-76, April 21, 1916. 
Abst. from Elektrotech. Zeit. 

— Seede, J. A. 

Electric arc welding finds many uses in mines and 
V . mills. 

Mining and Eng'g World, v. 45, pp. 133-36, July 22. 
^' . 1916. 

' — Warren, F. 

Welding high-speed steel electrically. 
' Machinery, v. 22, pp. 789-90, May, 1916. 

Comparative costs between acetylene and arc welding. 

403 



Report Number Twenty-two 

Elec. Review & Western Elec'n, v. 68, p. 71, Jan. 
8, 1916. 
Cost of electric welding in railroad shops. 

Elec. Review & Western Elec'n, v. 68, p. 241, Feb. 
5, 1916. 

Details of costs and comparison with old systems 
of welding. 
Cost of electric welding in railroad shop repair work. 
Elec. World, v. 68, p. 960, Nov. 11, 1916. 
Compilation of data by Westinghouse Co. 
Electric arc welding; report of a committee of the 
Ass'n of Railway Elec. Eng'rs. 
Railway Review, v. 59, pp. 768-71, Dec. 2, 1916. 
Abst. in Power, v. 44, pp. 766-67, Nov. 28, 1916. 
Abst. in Railway Mech. Eng'r, v. 91, pp. 41-43, Jan., 
1917. 

Gives current consumption and costs. 
Electric welding in boiler repairs. 
Railway Mech. Eng'r, v. 90, pp. 312-13, June, 1916. 
Railway Age Gazette, v. 60, pp. 1185-86, June 2, 
1916. 
Making railway rails continuous by means of the 
electric arc. 
Scientific Amer., v. 114, pp. 617, 626-27, June 10, 
1916. 
Notes on electric welding. 
Elec. Review (Lond.), v. 78, pp. 91-92, 132-33, 183- 
84, 211-12, Jan. 21, Feb. 4-18, 1916. 
Very extensive descriptive series. 
Quasi-Arc welding system. 

Commonwealth Eng'r, v. 4, pp. 49-51, Sept., 1916. 
Description of the system, using special elec- 
trodes. 
Symposium on welding as applied to boilers. 
Power, V. 43, pp. 724-25, May 23, 1916. 
Opinions of prominent men on electric and gas 
welding. 
Unusual electric butt-welding. 

Machinery, v. 23, p. 20, Sept., 1916. 

Butt-welding used to join ends of pins together. 
Use of slag-coated electrodes and polarity reversal in 
electric welding. 
Elec. Railway Jour., v. 48, pp. 1028-29, Nov. 11, 
1916. 

Permits the use of larger electrodes. 
Welding high-speed steel blocks to tool steel shanks. 
Machinery, v. 22, p. 979, July, 1916. 

Gives advice as to what kind of machines to use. 
Welding manganese steel. 

404 



Report Number Twenty-two 

Elcc. Railway Jour., v. 48, pp. 27-28, July 1, 1916. 
A discussion and continuation of Mr. Arm- 
strong's paper listed as above. 
1917 — Armstrong, R. A. E. 

The efficiency of arc welding. 
Welding Eng'r, v. 2, pp. 41-48, Jan., 1917. 
Important paper. 
— Armstrong, P. A, E. 

Welds — the weaknesses and merits of their structure. 
Power, V. 45, pp. 856-60, June 26, 1917. 
Abst. in Welding Eng'r, v. 2, pp. 22-26, Sept., 1917. 
Important article taking up microstructure. 
Discusses electric welding. 
—Bakes, H. A. 

Repairing a large casting by electric arc welding. 
Foundry, v. 45, pp. 120-21, March, 1917. 
— Bowers, B. W. 

Repairing cracks in steel castings electrically. 
Foundry, v. 45, p. 306, Aug. 1917. 

—Clarke, R. R. 

Electric arc welding for foundry purposes. 
Foundry, v. 45, pp. 179-82, May, 1917. 

— Cram, R. C. 

Arc welding rails to a bridge. 

Elec. Railway Jour., v. 49, pp. 444-45, March 19, 
1917. 

Short article shows how spot welding supplants 
riveting. 

— Cravens, G. W. 

Electric arc welding. 
Welding Eng'r, v. 2, pp. 37-38, Jan., 1917. 
Address before Amer. Soc. of Refrig. Eng'rs. 

— Dunfree, Sherman 

Arc welding engine frames. 
Welding EngV, v. 2, p. 32, July, 1917. 
Letter to editor. 

— Dyer, A. F. 

Oxyacetylene and electric welding and cutting proc- 
esses in locomotive works. 
Canadian Railway Club Proc'd'gs, v. 16, pp. 18-37, 

Dec, 1917. 
Abst. in Eng'g and Contracting, v. 49, pp. 93-94, 
Jan. 23, 1918. 

— Findlay, R. H. 

Economical, and effective method of repairing old 
rail joints. 

Elec. Railway Jour., v. 49, p. 832, May 5, 1917. 
Arc welding used to fasten supports to rails. 
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-Haas, L. 

Useful data for spot welding work. 
Amer. Machinist, v. 47, pp. 837-40, Nov. 15, 1917. 

Ilackett, Albert E. 
Electric spot welding. 
Welding Eng'r, v. 2, pp. 19-24, Jan., 1917. 

■Hamilton, D. T. 
Electric riveting. 
Machinery, v. 23, pp. 780-81, May, 1917. 

Modified spot welding used to fasten rivets. 

■Hamilton, D. T. 

Electric seam welding. 

Machinery, v. 23, pp. 415-19, Jan., 1917. 

Describes the Toledo and Thomson machines. 
Hill, M. F. 

Casting ships of steel; use of electric-welded hull 
castings suggested. 

Iron Age, v. 99, pp. 1440, 1564, June 14-28, 1917. 
Discussion : I. Oesterreicher, in v. 100, p. 230 b, 

July 26, 1917. 
Discussion, M. F. Hill, in v. 100, p. 438, Aug. 9, 1917. 
-Hills, George 

General welding repairs in the railroad shop. 
Welding EngV, v. 2, pp. 35-37, Feb., 1917. 
-Hollup, Charles? S. 
Welded containers. 
Welding Eng'r, v. 2, pp. 22-28, July, 1917. 

Paper before Amer. Soc. of Refrig. Eng'rs, dis- 
cusses types of welding. 

-Hollup, Charles 
Welding. 
Welding Eng'r, v. 2, pp. 36-37, Jan., 1917. 
-Hollup, Charles 
Welding. 
Amer. Soc. Refrig. EngVs, Jour., v. 4, pp. 235-68, 
Nov., 1917. 
General paper. 
-Jessop, E, P. 

Repairing German vandalism by electric welding. 
Amer. Soc. Naval Engrs., v. 29, pp. 639-653, Nov., 
1917. 
Abst. in Iron Age, v. 101, pp. 50-54, Jan. 3, 1918. 
Abst. in Int'l Marine Eng'g, v. 23, pp. 122-27, March, 
1918. 

Very detailed account of the work. 
-Kearney, G. 

Metal cutting with the electric arc. 

General Elec. Review, v. 20, pp. 876-80, Nov., 1917. 
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— Keriyon, O. A. 

Heat production in the electric arc. 
Welding EngV, v. 2, pp. 21-22, Dec, 1917. 
Discussion by S. W. Miller, v. 3, pp. 25-26, Feb., 

1918. 
Discussion by Arc Welding Machine Co. in v. 3, 
pp. 25-26, March, 1918. 
— Kinkead, R. E. 

An improved method of welding overhead with elec- 
tric arc process. 

Welding Eng'r, v. 2, pp. 30-31, Oct., 1917. 
— Kinkead, Robert E. 

Welding cast iron with the electric arc. 
Welding Eng'r, v. 2, p. 27, Dec, 1917. 
— Maw son, R. 

Arc welding on malleable iron. 

Amer. Machinist, v. 46, p. 219, Feb. 1, 1917. 
— Mawson, R. 

Electric arc welding in Pennsylvania Railroad shops. 
Amer. Machinist, v. 46, pp. 635-7, April 12, 1917. 
— Mawson, R. 

Electric arc welding on automobile parts. 
Amer. Machinist, v. 46, pp. 587-8, April 5, 1917. 
— Mawson, R. 

Using the electric welder on parts for automobile. 
Amer. Machinist, v. 46, pp. 405-6, March 6, 1917. 
Spot welder used. 
— Mawson, R. 

Electric welding in the manufacture of a safe cabinet. 
Amer. Machinist, v. 46, pp. 674-6, April 19, 1917. 
— Oberg, E. 

Electric arc welding. 

Machinery, v. 24, pp. 285-303, Dec, 1917. 
Abst. in Welding Eng'r, v. 3, Feb., 1918, pp. 32-34. 
Important and exhaustive article. 
— Saussure, F. G. de 

Information on arc welding. 

Railway Mech. Eng'r, v. 91, pp. 95-97, 156-58, Feb., 
March, 1917. 

Effect of varying current on the structure. Effi- 
ciency of heat utilization. 
—Scott, J. M. 

Welded compromise track joints. 

Electric Railway Jour., v. 50, pp. 682-83, Oct. 13, 
1917. 

Electric welding found 'satisfactory. 
— Sturman, T. E. 
Cutting scraps. 
Welding EngV, v. 2, p. 25, Aug., 1917. 

Letter to editor stating that electric arc is best. 
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-Truitt, D. B. 

Arc welding in steel foundries. 
Welding Eng'r, v. 2, pp. 31-33, Oct., 1917. 
-Truitt, D. B. 

The electric welding arc in the shipyard. 
Welding Eng'r, v. 2, pp. 32-33, Dec, 1917. 
-Unland, H. L. 

Electric arc welding. 

General Elec. Review, v. 20, pp. 509-16, June, 1917. 
-Wanamaker, E. 

Electric arc welding on the Rock Island lines. 
Railway Review, v. 61, pp. 410-13, Oct. 6, 1917. 
Railway Mech. Eng'r, v. 91, pp. 593-5, Oct., 1917. 
Railway Age Gazette, v. 63, pp. 753-5, Oct. 26, 1917. 
Tables of operations showing actual economies 
effected. 
-Wanamaker, E. 

Electric arc welding on the Rock Island lines. 
Railway Mech. EngV, v. 91, p. 644, Nov., 1917. 
-Wanamaker, E. 

Electric welding on the Rock Island. 

Railway Mech. Eng'r, v. 91, pp. 307-8, June, 1917. 
Describes equipment. 

-Wanamaker, E. 
War and Welding. 

Welding Eng'r, v. 2, pp. 22-27, Oct., 1917. 
Discusses arc and electric welding and gives 
costs. 

-Wildt, E. A. 

Pencil electrode method of welding for boiler joints. 
Amer. Soc. Mech. Eng'rs' Jour., v. 39, pp. 313-14, 
April, 1917. 
Abst. in Iron Age, v. 99, p. 837, April 15, 1917. 
Abst. in Welding Eng'r, v. 2, p. 33, June, 1917. 

Discussion in A. S. M. E. Jour., v. 39, pp. 314-17, 
427-28, April-May, 1917. 

-Wilson, D. H. 

Repairing German ships by electric welding. 
Iron Age, v. 100, pp. 1132-33, Nov. 8, 1917. 
Discussion by O. A. Kenyon in Iron Age, v. 100, 
pp. 1398-99, Dec. 6, 1917. 
A few applications for arc welding. 

Welding Eng'r, v. 2, pp. 21-22, Feb., 1917. 

Adaptability of spot and butt-welding. 

Welding Eng'r, v. 2, p. 44, Feb., 1917. 
Arc welding locomotive cylinders. 

Welding Kngr, v. 2, pp. 31-32, July, 1917. 
Letter to the editor. 

408 



Report Number Twenty-tzvo 

Bond welding costs and practices at Springfield and 

Worcester. 

Electric Railway Jour., v. 50, p. 1000, Dec. 1, 1917. 
Does striking the arc in electric welding injure the 

material ? 

Elec. Review, v. 71, p. 1077, Dec. 22, 1917. 

Abst. in Elec. Railway Jour., v. 50, p. 1130, Dec. 
22, 1917. 

Abst. in Welding EngV, v. 3, pp. 26-27, Feb., 1918. 

Discussion in Elec. Railway Jour., v. 51, p. 97, Jan. 
12, 1918. 

Discu^ion in Elec. Review, v. 72, p. 371, Mar. 2, 
1918. 

Discussion in Welding Engineer, v. 3, March, 1918, 
p. 27. 
Economizing high-speed steel with the electric butt- 
welder. 

Amer. Machinist, v. 47, pp. 291-92, Aug. 16, 1917. 

Abst. in Met. & Chem. Eng'g, v. 17, p. 436, Oct. 1, 
1917. 
Electric arc welding. 

Welding Eng'r, v. 2, pp. 22-23, June, 1917. 
Electric spot-welding operations on automobile 

lamps. 

Amer. Machinist, v. 46, pp. 1029-30, June 14, 1917. 

Welding Engineer, v. 2, pp. 19-20, July, 1917. 
Electric welder in stove making:. 

Amer. Machinist, v. 47, pp. 235-6, Aug. 9, 1917. 
Electric welding operations at the Studebaker plant. 

Amer. Machinist, v. 46, pp. 1119-20, June 28, 1917. 
Electric welding operations on automobile parts. 

Amer. Machinist, v. 46, pp. 909-10, May 24, 1917. 
Good results from electric bondine machine. 

Elec. Railway Jour., v. 50, pp. 25-26, July 7, 1917. 
Liliputian outfit for welding rail bonds. 

Sci. American, v. 117, p. 387, Nov. 24, 1917. 
Small portable device. 
Manufacturing lockers and cupboard with the spot 

welder. 

Amer. Machinist, v. 46, pp. 1067-9, June 21, 1917. 
Old angle bars reclaimed by electric welding. 

Elec. Railway Jour., v. 49, pp. 352-3, Feb. 24, 1917. 
Spot welding at the Chalmers plant. 

Amer. Machinist, v. 47, pp. 421-22, Sept. 6, 1917. 
Welding and reinforcing by the electric, oxyacetylene, 

or other processes. 

Int'l Marine EngV, v. 22, pp. 439-40, Oct., 1917. 
Rules prescribed by the U. S. Board of Super- 
vising Inspectors. 
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Welding by the electric arc process. 

Railway Review, v. 60, pp. 489-91, April 7, 1917. 
Welding operations on automobile bodies. 

Amer. Machinist, v. 46, p. 930, May 31, 1917. 

1918— Bowers, B. W. 

Electric arc welding applied to cast iron. 1918. 
In Foundry, v. 46, p. 158-59. 

Carefully describes process of welding defective 
castings. 
— Browne, R. L. 

Thermit welding. 1918. 

InN. Y. Railroad Club, Proc, v. 28, p. 5279-5336. 
Gives histor>', process and application of the 
thermit welding. 

111. Abst., Elec. Ry. Jour., v. 51, p. 810. 1918. 
— Burry, W. G. 

Large forging welded by the Tomkins Cove vStone 
Quarries. 1918. 

In Reactions, v. 11, No. 1, p. 13. 
— Caldwell, James. 

Welding systems. 1918. 
In Shipping, v. 2, p. 584-85. 

Describes various systems of electric welding. 
Extract from paper read before Inst, of Eng'rs 
& Shipbuilders in Scotland. 
— Caldwell, J. 

Notes on welding systems, 1918. 

In Mechanical Wld., June 7, v. 63, p. 268-9. 
Notes on welding systems. 1918. 
In Sci. Amer. Suppl., v. 85, p. 182. 

Extract from paper by Capt. Jas. Caldwell, read 
before the Institution of Eng'rs. & Shipbuilders 
in Scotland. Describes the gaseous flux process 
and the liquid flux process. 
— Collins, James H. 

Electric welding in shipbuilding. 1918. 
In Elec. Engrg., v. 51, p. 43-44. 
Describes use of spot welding and arc welding in 
shipbuilding. 
— Deppeler, J. H. 

Thermit welding and oxy-acetylene welding. 1918. 
In Welding Engr., v. 3, No. 3, p. 32-36. 

Describes in detail the two methods of welding 
and the type of work for which each is adapted. 
— Dudley, James G. 

Welding ship's parts together. 1918. 

In Inter. Marine Engrg., v. 23, p. 359-60. 
Describes method of welding ships with electric 
arc. 
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—Elliott, C. A. 

Welding track bolts in reconstruction of tracks in 
paved streets. 1918. 
In Welding Engr., v. 3, No. 2, p. 36, 40. 

Describes electric arc welding machine and meth- 
od of welding used by Pacific Elec. Rwy. Co. 
— Fish, Thomas. 

Brazing vs. welding stellite tips to machine-steel 
shanks. 1918. 
In Amer. Mach., v. 48, p. 242. 

Electric welding process used by the Ready 
Tool Co. 
— Grise, Romeo A. 

Electric welding stops leaks in girth seams. 1918. 
In Power, v. 47, p. 402-403. 

Leaks in the first girth seam of return-tubular 
boilers repaired by electric welding. Success 
of electric welding over oxy-acetylene. 
— Guerner, Jean. 

La soudure electrique et son etat actuel. 1918. 
In Revue Generale de TElectricite, v. 3, p. 173-181. 
Describes different processes of electric welding. 
111. 
— James, H. 

Comparison of forge, oxy-acetylene and electric weld- 
ing. 1918. 
In Machinery, v. 24, p. 471-472. 

Gives essential factors in forge-welding and their 
importance in the other processes. 
—Von Keler, T. M. R. 

Novel electric welding process. 1918. 
In Amer. Mach., v. 48, p. 172. 

Describes a new German process useful in the 
case of broken T-rails, Z-shaped steel and iron 
and metallic pieces of irregular cross-section. 
— Kennedy, R. S. 

Boiler and other repairs by electric welding. 1918. 
In Inst. Marine Engrs. Trans. Paper not available. 
Discussion 1918. 

In Marine Engr. & Naval Architect, v. 40, p. 220-23. 
Abst., Marine Engr. & Naval Architect, v. 40, 1918. 
p. 194-199. 
— Kennedy, R. S. 

Electric weld for marine repairs. 1918. 

In Shipping, v. 3, No. 5, May 4, p. 14. 
Discusses boiler and other repairs made by electric 
welding. Refers to tests made to discover tensile 
strength of weld and whether the process afTccted 
the neighboring material. Read before Inst. Marine 
Engrs.. 
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— Kenyon, O. A. 

Effects of arc on metal in and around electric weld. 
1918. In Elec. Railway Jour., v. 51, p. 97. 
Gives briefly effect of an arc upon the material 
adjacent to the weld. 
— Kopferschmidt, B. 

The welding of carbon tools. 1918. 
In Welding Engr., v. 3, No. 5, p. 24-25. 

Describes methods used, oxy-acetylene welding, 

butt welding and oxy-acetylene brazing. 
Le macchine per la saldatura elettrica alia mostra 
indetta Dall' A. E. I. 1918. 
In L'Industria, (Milan), v. 32, p. 120-21, Feb. 
28, 1918. 
—McKay, T. G. 

Recent progress in electric welding. 1918. 
In Nautical Gaz., v. 93, No. 22, June 8, p. 4-5. 
Describes resistance welding and arc welding. 
Tests of welded specimens. 
—Miller, S. W. 

Some structures in steel fusion welds. 1918. 
In Amer. Inst. Min. Engrs. Bull., v. 134, p. 391-408. 
Steel welds made by oxy-acetylene and electric 
arc processes present unusual structures. Dif- 
ferences between the two flames cause varia- 
tions in nature of welds. 111. 
Discussion, Amer. Inst. Min. Engrs. Bull., v. 136, 

p. 720-24. 1918. 
Abst.. Reactions, v. 11, No. 1, p. 8-11, 1918. 
Iron Trade Rev., v. 62, p. 713-18. 1918. 
— Monetti, L. 

La soldatura elettrica. 1918. 
In Rivista Marittima, March, p. 256-263. 
Electric welding. 
— Monk, T. L. 

Electric welding. 1918. 
In Practical Engr., London, v. 57, Jan. 24, p. 39- 
40, Feb. 21, p. 90-91. 

Describes processes of electric welding. 
— Oberg, Erik. 

Welding transformer tanks by the electric arc pro- 
cess. 1918. 
In Machinery, v. 24, p. 398-403. 

Describes method developed by the Pittsfield 
works of the General Electric Co. Illustrated. 
Schreiber, Martin. 

Welded rail joints. 1918. 

In Elec. Ry. Jour., v. 51, p. 190-92. 

Gives details of recent method of arc welding rail 
joints in Newark, N. J. Illustrated. 
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-Standard Welding Co. 

Canadian welding machine. Canadian Pat. 182750. 
1918. 

In Canadian Pat. Office Rec, Mar., v. 46, p. 688. 
-Sutton, C. R. 

Advantages of oxy-acetylene welding over the electric 
process in railroad shop work. 1918. 
In Jour. Acetylene Welding, v. 1, p. 284-85. 
States that oxy-acetylene welded parts of loco- 
motives stand strains where electric welds have 
failed. 
-Treat, Dean. 

Metal electrode welding. 1918. 
In Elec. Ry. Jour., v. 51, p. 665. 
Show how the electric welder helped to keep 

equipment in repair. 
Abstract of paper read at the meeting of Wis- 
consin Elec. Assoc, Mar. 28, 1918. 
-Treat, Dean. 

Metal electrode welding. 1918. 
In Elec. Traction, v. 14, p. 212. 
-Wilson, D. H. 

Alloy for electric welding. Canadian Pat. 182948. 
1918. 

In Canadian Pat. Office Rec, Mar., v. 46, p. 777. 
•Work, E. L. 

Handy arc welding resistance. 1918. 
In Welding Engr., v. 3, No. 4, p. 21. 
Givesf sketch of wiring diagram of an electric 
welder circuit. 
-General. 

Applications of electric welding to railroad shops. 
1918. 

In Welding Engr., v. 3, No. 2, p. 32, 34. 
Describes use of electric are welding in railroad 

shops. 
Extract from Elec. Arc Welding in Machinery, 

Dec, 1917. 
Application of electric arc welding to shop uses. 
1918. 

In Canadian Foundry man, June, v. 9, p. 136-7. 
Describes methods of electric arc welding; 
relative advantages and applications. 111. 
Autogenous welding at Sayre Shops, Lehigh Val- 
ley Railroad. 1918. 

In Railway Rev., June 15, v. 62, p. 855-6. 
Brass foundry of the St. Lawrence Welding Com- 
pany. 1918. 

In Canadian Machinery, June 20, v. 19, p. 652. 
Building up wheels by electric welder. 1918. 
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In Electric Traction, June, v. 14, p. 333. 
Counter attack on German vandalism. 1918. 
In Marine Rev., v. 48, p. 47-59. 
Describes repairing German ships by electric 
welding. Several illustrations. 
Does striking the arc injure the material? 1918. 
In Welding Engr., v. 3, No. 2, p. 26-27. 
Tests carried out in the Westinghouse Works 
at East Pittsburgh. Tests show that the 
material on which the arc was struck under- 
went no structural change. 
Comment, Welding Engr., v. 3, No. 3, 1918. 
p. 27. 
Electric equipment for steam railroads. 1918. 
In Railway Age, v. 64, p. 897-98. 

Describes use of arc welding in locomotive 
repair shop. 

Electric seam welding machine. 1918. 
In Iron Age, v. 101, p. 261. 

Describes machine for welding seams in sheet 
iron and steel by the electric resistance pro- 
cess. 111. 

Electric welding in shipbuilding. 1918. 
In Engr., v. 125, p. 329. 

Gives results of experimental work carried out 
at Portsmouth on plate connections in which 
riveted joints, supplemented by runs of weld- 
ing were concerned. 
Electric welding instead of riveting for shipbuild- 
ing. 1918. 

In Western Engrg., June, v. 9, p. 228. 
Use of electric welding on bulkhead door at the 
N. Y. Shipbuilding Corporation yard. 
Electric welding methods and apparatus. 1918. 
In Electrical News, v. 27, p. 26-29. 

Describes the practical features and character- 
istics of welding apparatus. 
Electric welding practice on the Chicago, Rock 
Island and Pacific. 1918. 
In Railway Elec. Engr., v. 9, p. 52. 

Describes welding equipment of this road and 
uses made of electric welding. 
Esposizione di apparecchi per saldatura elettrica. 
1918. 

In Ingegneria Italiana, May 16, v. 1, p. 333-35. 
High temperature processes and products. 1918. 
In Engineer, v. 125, p. 118. ^» 

Describes briefly some of the uses of thermit 
welding. 

414 






Report Number Twenty-two 

Homemade arc welding outfit. 1918. 
In Coal Age, v. 13, p. 3. 
Describes simple outfit. 
How modern welding processes save time of ships 
in dry dock for repairs. 1918. 
In Inter. Marine Engr., v. 23, p. 228-29. 
Gives some recent achievements by the ther- 
mit process in the quick welding of heavy 
sections. 111. 
Improved electric welding. 1918. 
In Scientific Amer., v. 118, p. 204. 
Brief description of fusion process. 
Innovations in electric welding. 1918. 
In Elec. Rev., v. 72, p. 225. 

Brief description of patents relating to electric 
welding. Patents issued to T. E. Murray, Jr. 
Instruction in cutting for electric welders. 1918. 
In Welding Engr., v. 3, No. 1, p. 36. 

Proper instruction is necessary for efficiency 
and economy. 
Louisville and Nashville Railroad welding wheel 
centers successfully at Albany, Ala. 1918. 
In Reactions, v. 11, No. 1, p. 20. 
Marine repairs on the Pacific coast. 1918. 
In Reactions, v. 11, No. 1, p. 11. 
Use of thermit welding on stern-wheel vessels. 
Methods of making thermit welds which are out of 
the ordinary. 1918. 

In Reactions, v. 11, No. 1, p. 14-15. 
New methods of electric welding. 1918. 
In Elec. Rev., v. 72, p. 624. 

Innovations in electric welding processes as 
tl^f shown by 6 patents. 

Patents issued to T. E. Murray, Jn, and T. E. 
B Murray. 

Notes on welding systems. 1916. 
ter- In Shipbuilding & Shipping Record, v. 11, p. 143- 

144, 176-78. 
ock Describes briefly the nature of the several pro- 

cesses of electric welding. 
140-lb. welding outfit for rail bonds and arc weld- 
and ing. 1918. 

In Elec. Ry. Jour., v. 51, p. 580. 

Gives operatine principles and construction of 
the outfit. 111. 
; Pacific electric spot-welder. 1918. 

,|g In Machinery, v. 24, p. 757-58. 

Describes machine. Illus. 
^i^ Practical test of cast steel welding. 1918. 

In Welding Engr., v. 3, No. 2, p. 26. 
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Pile cap welded together with the electric arc. 
Railway work. 1918. 

In Welding Engr., v. 3, No. 2, p. 20. 

Brief description of how electric arc welding 
was used to repair lotomotive frame and 
fire box. 
Refrigerating plants should employ every means to 
prevent ieakage of ammonia at pipe joints. 1918. 
In Reactions, v. 11, No. 1, p. 2-4. 
Use of thermit welding for pipe joints. 
Test electric welding for ships. 1918. 
In Power, v. 47, p. 857. 

Brief report on the ship welding test being con- 
ducted by the Emergency Fleet Corporation 
at the Federal Shipbuilding Co. plant at New- 
ark, N. J. 
Also in Amer. Mach., v. 48, p. 1012, 1918. Marine 
Engrg. of Canada, v. 8, 1918, p. 115. Engrg. 
News-Rec, v. 80, 1918, p. 950. Elec. Rev,, v. 
72, p. 801-02. Elec. Wld., v. 71, p. 683. 
The rivetless ship. A possibility. 1918. 
In Marine Rev., v. 48, p. 184-85. 

Desicribes how electric welding is being applied 
to shipbuilding. 
The salvaging of high-speed steel. 1918. 
In Iron Trade Rev., v. 62, p. 845-48. 
Gives a few practical methods for conserving 
this material, including electric butt-welding. 
Thermit used in the manufacture of spindles for 
making brass tubes. 1918. 
In Reactions, v. 11, No. 1, p. 4-7. 
Description of making welds as spindles used 
in the manufacture of tubing. 111. 
Thermit welding by the Southern Pacific Railroad. 
1918. 

In Reactions, v. 11, No. 1, p. 19. 
Illustration of two welds. 
Some general applications of electric welding pro- 
cess. 1918. 

In Marine Engrg. of Canada, v. 8, p. 94-96. 
Use of electric arc welding in steel mills, rail- 
way shops, ship repairs and machine tools. 
1918. 
In Canadian Machinery, v. 19, p. 187-89. 
Test of electric weldins: for steel ships. 1918. 
In Metallurgical & Chemical Engrg., June 15, v. 
18, p. 656. 
Thompson electric spout-welding machine. 1918. 
In Atp-^*- Mach., v. 48, p. 170. 
D. ,^ . .yis machine. Illustrated. 
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Thomson process of electric welding. 1918. 

In Boiler Maker, June, v. 18, p. 18-19. 
Welding cast iron with the electric arc. 1918. 
In Railway Age, v. 64, p. 1247-49. 

Describes work done by New York Central, 
methods indicate that no break is too com- 
plicated for repair. 
Welding the fabricated ship. 1918. 

In Elec. Rev., v. 72, p. 1000. 
Welding locomotive frames. 1918. 

In Canadian Machinery, v. 9, p. 652-53. 
Welding ships electrically. 1918. 

In Welding Engr., v. 3, No. 4, P. 23-4. 

Describes how electric welding process is to be 
applied in hull construction. Keel of vessel 
will be put together by spot welding and 
made water tight by arc welding. 
Welding stern frame of New York City fire boat 
"Zopher Mills." 1918. 
In Reactions, v. 11, No. 1, p. 13. 

Use of thermit welding in repair work. 
Westinghouse portable panels for electric welding. 
1918. 
In Machinery, v. 24, p. 464. 

Describes a simple and inexpensive portable 
outlet panel for electric welding service. 
1918. 
In Amer. Mach., v. 48, p. 81. Iron Age, v. 101, 
p. 145. Street Railway Bull., v. 17, p. 74. 

BOOKS. 

1914 — La s:oudure electrothermique (In French). Jean Escard. 
Reprint from L'Ouvrier Moderne, of April 15, 19H. 
777 p. 

Welding — Instruction Paper. Cravens, G. W. Chi- 
cago, 1914. American School of Correspondence, 
p. 32-67 — Electric arc welding and cutting, 
p. 67-93 — Electric butt-welding, 
p. 53 — Mentions Quasi-Arc system. 
Gives current consumption and costs. 
1915 — Electric railway handbook. Richey, A. S. New York. 
1915. McGraw-Hill Book Co. 
p. 60-61 — Electric welding. 
' — Kenyon, Otis A. 

Standard handbook for electrical engineers ; section 
on electric welding, p. 1727-3/ ^'-^w York. 1915. 
McGraw-Hill Book Co. 
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1916— Hawkins and Staff. 

Hawkins electrical guide No. 10. N. Y. 1916. Audel 
& Co. 

p. 3122-32 — Elementary question and answer article 
describing methods in use. 
— Wilcox, E. A. 

Electric heating. 1916. Technical Publishing Co. 
San Francisco, Cal. 

Gives time and cost of electric welding. P. 197- 
213 Electric welding. 
— Wilson Welder & Metals Co. 

Electric welding. 1916. N. Y. Wilson & Metals 
Co. 63 p. 

Describes the Wilson system of welding. 111. 
— Marks, Lionel S. 

Mechanical engineers' handbook. N. Y. 1916. Mc- 
Graw-Hill Book Co. 

p. 1409-12 — Electric welding. 
— Oxy-acetylene welding and cutting, electric, forge and 
thermit welding. 
Manly, Harold P. 
Chicago. 1916. Fred. J. Drake, 
p. 142-169 — Electric welding. 
1917 — Burgess, C. F. & Cravens, G. W. 

Applied electrochemistry and welding. Chicago. 
1917. Amer. Technical Society. 
Machinery's Encyclopedia. N. Y. 1917. Industrial 
Press. 

Vol. VI, p. 483-502— Electric welding. 
Vol. I, p. 88 — Electric welding of aluminum. 
Vol. IV, p. 5 — Electric welding of high speed steel. 
1918— Kehl, Robert J. 

Oxy-acetylene welding practice. 1918. Chicago, 
Amer. Tech. Soc. 102 p. 

p. 11-14 — Gives briefly electric welding process and 
illustration of portable arc-welding outfit. 
— Wilson Welder & Metals Co. 

Eleqtric arc welding and cutting. 1918. N. Y. Wil- 
son Welder & Metals Co. 45 p. 
Manual of instructions for installation and operation 
of equipment; describes the Wilson system of 
welding; contains much valuable data. III. 
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